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GPTHEORY: A FORTRAN Computer Program 
for Determining Molecular Symmetry Proper t ies 

by 

Thomas D. Bouman and Gordon L. Goodman 

ABSTRACT 

Many simplifications and insights into quantum-
mechanical calculations on molecules a re possible if one 
uses the techniques and theorems of molecular point-group 
theory. However, because of the difficulty in translating 
the standard textbook methods of group theory into a form 
amenable to use on a computer, these simplifications have 
not been generally exploited in large-scale machine conn-
putations. Despite avoiding explicit consideration of the 
nonnumeric operations of the point group, we have suc­
ceeded in implementing a method in FORTRAN IV which 
allows one to generate all the relevant symmetry infor­
mation about the molecule, requiring as input only the 
type of nuclei, their spatial coordinates, and paramete rs 
characterizing the atomic basis set. The method depends 
on the construction of a simple, artificial operator having 
the symmetry of the nuclear configuration and the genera­
tion of a set of prototype functions spanning all the i r ­
reducible representations of the group. These may be used 
to generate various types of symmetry information, in­
cluding a symmetry-adapted atomic basis set, vibrational 
symmetry coordinates, and finite point-group vector-
coupling coefficients. Listings of the computer program, 
known as GPTHEORY, and complete instructions for use 
a re given. 

I. INTRODUCTION 

The theorems and techniques of group theory as applied to naole-
cules with symmetry have long been recognized as a powerful tool for the 
theoretical chemist . " ' Use of symmetry-based selection ru les , for ex­
ample, has shed much light on the interpretation of atomic and molecular 
spectra'*'^ and has led to many simplifications in quantum-mechanical cal­
culations. Methods developed by Racah'" ' for atomic spectroscopy and 
extended to molecules by Tanabe and co-workers ' ' ' ° and by Griffith"' '^ have 
made possible the determination of quantitative as well as qualitative r e ­
lationships from the symmetry proper t ies of a problem. 



Until fairly recently, however, molecular symmetry propert ies 
have been generally ignored m organizing problems in molecular quantum 
mechanics for solution on large, high-speed digital computers . The r e ­
sulting type of procedure, in which one allows the computer to calculate 
and manipulate all quantities in the same way. even those that group theory 
would say must vanish, may be termed a "brute-force" approach. Ihe 
tendency to use this type of approach a r i ses because of difficulties m t r ans ­
lating the nonnumeric operations and manipulations of molecular point-
group theory to a form that can be conveniently handled on a digital com­
puter. Nevertheless, quantum chemists have recently come to appreciate 
again that an investigator who ignores symmetry not only gives up an im­
portant means of alleviating computational bottlenecks, but also foregoes 
insights that symmetry can give to the results of a large calculation. Thus, 
increased attention is currently being paid to techniques for implementing 
symmetry aspects for machine calculations. 

Several different lines of attack have been followed in efforts to take 
account of symmetry in designing machine programs for quantum chemistry; 
a few examples, which are by no means exhaustive, will serve to i l lustrate 
these lines of attack. One method is to design a computer program around 
the specific symmetry properties of a particular point group, and thus to 
take full advantage of the qualitative simplifications occurring in a r e ­
stricted class of molecules. Examples of this approach appear in the work 
of J o s h i " on hydrides with Cjv symmetry, that of Wahl'^ on homonuclear 
diatomic molecules (symmetry D„h). and that of McLean and Yoshimine 
on linear molecules in general. 

A second category includes computer programs which are designed 
to accommodate the simplifications arising in a wider class of point groups, 
but which require the specification of various amounts of group-theoret ical 
information as input. The IBMOL program system of Clementi and co­
w o r k e r s , " for example, uses selection rules in eliminating the handling of 
zeros ; however, the user must provide the program with a symmetry-
adapted basis set and certain indices characterizing the point group. The 
POLYATOM system generates lists of nonvanishing integrals by extensive 
manipulation of input tables of symmetry operations and their effects on 
atoms and atomic basis functions. Symmetry- and spin-adapted Slater de­
terminantal configuration functions for molecules with no higher than two­
fold degeneracies may be generated automatically by the projection operator 
method of Gershgorn and Shavitt,'* if a symmetry-adapted atomic basis set 
is provided. A semiempirical calculation organized for symmetry has been 
programmed by Glarum," who requires the user to supply the irreducible 
representation matrices for the point group under consideration. Again, no 
degeneracies higher than two are permitted. A final example in this cate­
gory is the automation by several investigators of problems in molecular 
vibration and rotation.^" The methods have in common the requirement that 
the user provide the transformation from internal to symmetry coordinates. 



Several attempts have been made to generate the required group-
theoretical information on the computer. Possibly the first such method 
to be implemented was developed by Flodmark and Blokker. These 
authors concentrated on the detailed propert ies of the group itself, such as 
the actual irreducible representation ma t r i ce s , and generated symmetry-
adapted functions with an automated version of the same techniques and 
formalism one employs in discussing the symmetry aspects of such a prob­
lem in a group-theory textbook. The user must supply the program with 
the multiplication table of the group. Gabriel^^'^^ has developed and is im­
plementing a computer-oriented method for finding symmetry-adapted 
functions which avoids explicit use of the representation mat r i ces , but 
makes use of the generators for the group and their commutator algebra. 
His work may be regarded as providing a rigorous theoretical justification 
for the method we have developed. 

An approach much closer in spiri t to the one we have implemented 
has been proposed by Moccia.^'* Rather than working with the symmetry-
group operations and irreducible representations themselves , he uses in­
stead group-theoretical theorems which basis functions and operators must 
satisfy if they are to be symmetry-adapted. Standard techniques of cal­
culating quantum-mechanical integrals and diagonalizing matr ices are 
employed to generate a symmetrized basis set in a numerical way well 
suited to the capabilities of a digital computer. Moccia's method, however, 
is dependent on the assumption that the unsymmetrized atomic basis func­
tions comprise sets of "equivalent orbitals"^' which a re permuted among 
themselves by the symmetry operations of the point group. Thus, a p re -
transformation of the atomic basis functions into spatially equivalent orbi­
tals must be performed before the method'can be used; this may be a 
nontrivial task, especially if extended basis sets a re employed. Fur ther ­
more , the construction of spatially equivalent orbitals in some cases r e ­
quires hybridization of the atomic basis functions; this involves assumptions 
about the nature of the basis functions which go beyond those strictly de­
termined by symmetry. 

Chung and Goodman^ '^' have extended Moccia's work to obviate the 
need for using "equivalent orbitals" and have succeeded in producing canoni­
cal symmetry-adapted atomic basis sets from the atomic coordinates and 
initial Slater-type atomic orbitals alone. Their work and the present work 
have influenced each other. 

To obtain symmetry coordinates for their work on vibrational 
spectra of polymers and other molecules, Gussoni and Zerbi^' have imple­
mented a method similar in spiri t to Moccia 's . By setting up the G mat r ix 
for a set of internal nuclear-displacement coordinates and diagonalizing it, 
they produced a transformation that takes the original internal coordinates 
into symmetry coordinates. 
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Our p r e s e n t work is m o t i v a t e d m p a r t by the d e s i r e to deve lop an 
eff icient and s y s t e m a t i c way of in t roduc ing s y m m e t r y in to l a r g e - s c a l e 
comput ing e f fo r t s , and a l so by the w i sh to e x p l o r e new a l g o r i t h m s for 
solving s t a n d a r d p r o b l e m s - - a l g o r i t h m s s u g g e s t e d by the n u m e r i c a l c a p a ­
b i l i t i e s of d ig i ta l c o m p u t e r s and t he i r a s s o c i a t e d sc i en t i f i c p r o g r a m m i n g 
l a n g u a g e s . If such a m e t h o d is to be wide ly u s e d , i t shou ld fulfill the r e ­
q u i r e m e n t s of s p e e d , g e n e r a l i t y , s imp l i c i t y of input , and t r a n s f e r a b i l i t y 
f r o m one type of p r o b l e m to a n o t h e r . 

In the following s e c t i o n s , we d e s c r i b e a m e t h o d of g e n e r a t i n g g r o u p -
t h e o r e t i c i n fo rma t ion on a m a c h i n e in a f o r m tha t i s r e a d i l y u s a b l e for s u b ­
sequen t compu ta t ion . As we show, it is in fact p o s s i b l e to ob ta in v i r t u a l l y 
a l l r e l e v a n t s y m m e t r y i n fo rma t ion , both qua l i t a t ive and q u a n t i t a t i v e , for a 
q u a n t u m - m e c h a n i c a l p r o b l e m without r e c o u r s e to any s t a n d a r d t ex tbook 
r e p r e s e n t a t i o n for , or exp l ic i t c o n s i d e r a t i o n of, the e l e m e n t s f o r m i n g the 
point g r o u p . We adopt the point of v iew tha t wha t r e a l l y i n t e r e s t s us is not 
r o t a t i o n s , r e f l e c t i o n s , e t c . , nor g r o u p m u l t i p l i c a t i o n t a b l e s and i r r e d u c i b l e 
r e p r e s e n t a t i o n m a t r i c e s , no r even how functions t r a n s f o r m u n d e r the s y m ­
m e t r y o p e r a t i o n s . We a r e i n t e r e s t e d r a t h e r only in n u m e r i c a l r e l a t i o n s h i p s , 
such as w h e t h e r a m a t r i x e l e m e n t is z e r o or n o n z e r o , and wha t r a t i o s e x i s t 
be tween n o n z e r o e l e m e n t s . Hence we work wi th m a t r i x e l e m e n t s f r o m the 
s t a r t . 

In the m e t h o d to be d e s c r i b e d , we r e l y s u b s t a n t i a l l y on the fol lowing 
t h e o r e m in g roup t h e o r y , which we s t a t e wi thout proof; 

T h e o r e m . If a nnat r ix has a s t r u c t u r e embodying the full s y m m e t r y 
of the p a r t i c u l a r n u c l e a r g e o m e t r y , i t s e i g e n v e c t o r s f o r m b a s e s for 
i r r e d u c i b l e r e p r e s e n t a t i o n s of the point g r o u p of the m o l e c u l e , p r o ­
vided that t h e r e a r e no acc iden t a l d e g e n e r a c i e s in the e i g e n v a l u e s . 

A m a t r i x having this s t r u c t u r e is the m a t r i x of an o p e r a t o r tha t 
i t se l f p o s s e s s e s the s y m m e t r y of the n u c l e a r f r a m e w o r k . In the s t a t e m e n t 
of th i s t h e o r e m , "a s t r u c t u r e embodying the full s y m m e t r y of the p a r t i c u l a r 
n u c l e a r g e o m e t r y " m e a n s a s t r u c t u r e that is left u n a l t e r e d by e a c h o p e r a t i o n 
of the point g roup to which the n u c l e a r f r a m e w o r k b e l o n g s , but one t h a t i s 
a l t e r e d by any ope ra t ion under which the n u c l e a r f r a m e w o r k is no t i n v a r i a n t . 

In our m e t h o d , two a r t i f i c i a l o p e r a t o r s to ta l ly s y m m e t r i c wi th r e ­
s p e c t to the n u c l e a r f r a m e w o r k a r e c o n s t r u c t e d , and a se t of funct ions i s 
chosen to span a l l the s y m m e t r y s p e c i e s o c c u r r i n g for the poin t g r o u p . * 
T h e s e functions then c o m p r i s e a s t a n d a r d s e t a g a i n s t wh ich the s y m m e t r y 
a s p e c t s of any o the r functions can be a l i gned , and wi th wh ich o the r g r o u p -
t h e o r e t i c in fo rmat ion can be obta ined . 

It is clear at this point that linear molecules should be excluded from this method, since their possible sym­
metry species are not finite in number. However, this class of molecules is already well endowed with 
computer-oriented techniques taking advantage of symmetry. 
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II. THEORY AND TECHNIQUES 

A. Basic Group Theory 

We begin this section with a brief review of representat ion theory. 
Let cp be a set of functions cpi, cpj, ..., associated in some way with a mole­
cule belonging to a point group G. We assume that tp is complete in the 
sense that any symmetry operation R of G t ransforms each of the func­
tions, (fy say, into a linear combination of the other functions in the set 

f] = ^^j = Z VkAkj(R). (1) 

k 

or, in matr ix-vector notation, 

tp' = cg^A(R). (2) 
Thus, each such operation R has a mat r ix A ( R ) associated with it. One can 
easily show (see, e.g., Ref. 6) that the set of mat r ices A(R)forms a r e p r e s e n -
tation of the group G. Although this representation is in general not the 
simplest possible, we can find a reduction mat r ix U, corresponding to a 
unitary transformation of tp that generates a new^ set of representation 
mat r ices B ( R ) which factor into the simplest possible or irreducible 
representat ions of G, 

B(R) = U " ' A ( R ) U . (3) 

The same transformation applied to the functions tp converts them to a set 
of functions • which form bases for irreducible representat ions of G: 

I = $̂ U. (4) 

This new set of functions is said to be symmetry-adapted to the group G, 
and satisfies all the usual symmetry-select ion rules and other relat ionships. 

Our interes t therefore centers on the determination of the reduction 
mat r ix U for a given set of functions, in a computer-oriented wray. We 
identify three major stages in our procedure. F i r s t , the functions a re 
t ransformed to a set decomposed according to definite symmetry types; 
second, par t icular ly simple functions a re extracted from these initial sym­
metr ized functions; finally, a standard phase choice is imposed to yield 
canonical symmetr ized functions. 
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B . G e n e r a t i o n of S t anda rd R e p r e s e n t a t i v e s for the S y m m e t r y S p e c i e s of 
the F in i t e Po in t Group 

1. The Tota l ly S y m m e t r i c O p e r a t o r 

We a d d r e s s o u r s e l v e s f i r s t to the cho ice of an o p e r a t o r P wh ich 
p o s s e s s e s the full s y m m e t r y of any given n u c l e a r g e o m e t r y . The n u c l e a r -
a t t r a c t i o n po ten t i a l field and, of c o u r s e , the c o m p l e t e H a m i l t o n i a n o p e r a t o r 
for a m o l e c u l e a r e e x a m p l e s of such o p e r a t o r s which n o r m a l l y o c c u r in a 
q u a n t u m - m e c h a n i c a l ca l cu la t ion . We want to c o n s t r u c t , h o w e v e r , an a r t i ­
f ic ia l o p e r a t o r for which the m a t r i x e l e m e n t s a r e a l m o s t t r i v i a l to c o m p u t e , 
and which has no m o r e and no l e s s i n v a r i a n c e u n d e r r o t a t i o n s and r e f l e c ­
t ions than do t h e s e n a t u r a l l y o c c u r r i n g o n e s . 

A s i m p l e o p e r a t o r having t h e s e s y m m e t r y p r o p e r t i e s , one t h a t 
avoids p lac ing undue weight on s y m m e t r y - d i c t a t e d noda l s u r f a c e s o c c u r r i n g 
for v a r i o u s func t ions , i s the o p e r a t o r that ann ih i l a t e s a funct ion e v e r y w h e r e 
excep t a t a finite n u m b e r of points that a r e m e m b e r s of the se t S: 

P(r) (5) 

such tha t the points in S l ie on c i r c l e s defining a p lane p e r p e n d i c u l a r to t he 
l ine jo ining each nuc leus to the c e n t e r of n u c l e a r c h a r g e of the m o l e c u l e of 
i n t e r e s t , a s shown in F ig . 1. Eva lua t ion of the m a t r i x e l e m e n t s of p then 
r e d u c e s to s u m m i n g the va lues of the i n t e g r a n d a t the po in t s in S. 

Fig. 1 

Disposition of the Set of Points S at Which 
the Operator p of Eq. 5 Is Defined, Shown 
for an Octahedral MXg Molecule. ANL 
Neg. No. 121^299. 

Th i s se t of points defining P m a y be v iewed e i t h e r as one tha t 
goes Ident ica l ly into i tself under a l l the o p e r a t i o n s of the point g r o u p G, or 
a s an a p p r o x i m a t i o n to a se t of s y m m e t r i c a l l y d i s p o s e d c i r c l e s ( w h e r e the 
s u m m a t i o n m Eq. 5 is r e p l a c e d by a s u m of l ine i n t e g r a l s ) . In p r a c t i c e . 
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the two interpretations appear to be equivalent, in that no pract ical accuracy 
is lost if the points do not exactly t ransform into one another. Transforma­
tion coefficients good to 11 significant figures a re generally obtained with 
24 equally spaced points on each c i rc le , even in cases in which the circle 
encloses a fivefold symmetry axis . Our choice of operator has the advan­
tage not only of making the computations simple, but also of freeing as 
much as possible the determination of symmetry propert ies from other 
details of any problem in which they are to be used. 

2. Choice of Basis Functions 

In choosing a "standard set" of functions to symmetry-adapt , 
we require that each symmetry species occur at least once in the represen­
tation spanned by these functions. A part icularly convenient choice is the 
set of 2L + 1 orbi tal-angular-momentum eigenfunctions, Y-]^j^(9,tp), of ap­
propriately high L-value. In a spherically symmetr ic environment, these 
functions span a (2L+ l)-fold-degenerate irreducible representat ion of the 
three-dimensional full rotation group SO(3). As the symmetry of the en­
vironment is lowered, this erstw^hile irreducible representation splits into 
the various irreducible representations appropriate to the finite point 
group. By choosing L high enough, therefore, we are assured that each 
possible new representat ion will be spanned at least once.^'" ' If a center 
of inversion is present , two distinct L values are in fact required: an even 
one, Lg, for the representat ions that a re even with respect to inversion, 
and an odd one, L^, for those of odd parity. (The selection of the proper 
set of functions for any part icular case of chemical significance, i .e. , for 
any point group having no higher than an eightfold rotation axis , is built into 
the program. It can be shown that L = 16 is the highest one needs to span 
all the symmetry species that occur in these cases.) 

For convenience of computation and ease of visualization, we choose 
the following real combinations of the YLiy[:" 

YLO; 

(L) 

Jz M - L,-M' 

^2M+i " y 2 ' " ^ ^ • ' ^ ^ ^ ^ • - i ^ ' 

(6) 

where 

V - ^ - i l M y * t 

See Ref. 8, where Eqs. 2.5.6 and 2.5.29 provide the definitions used here for the Y, v 
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This en ta i l s no l o s s of g e n e r a l i t y . We index the funct ions s e q u e n t i a l l y by 
( L ) , 

the i n t e g e r K, K = 1, 2, . . . , 2L + 1. Le t th i s s e t be deno ted Sj^ , or s i m p l y 

S*^ ' ; a s i m p l e r a d i a l d e p e n d e n c e , R( r ) = r ' ' , is a s s u m e d a p a r t of the 

funct ions S^-""' in o r d e r to avoid a c c i d e n t a l d e g e n e r a c i e s . The funct ions a r e 

c e n t e r e d aT the c e n t e r of n u c l e a r c h a r g e , wh ich i s c h o s e n a s the o r i g i n of 

the m a s t e r coo rd ina t e s y s t e m . 

3. Cons t ruc t i on of Crude S y m m e t r y V e c t o r s 

By the T h e o r e m in Sec . I, a u n i t a r y t r a n s f o r m a t i o n W wh ich 
d i a g o n a l i z e s a m a t r i x P , to ta l ly s y m m e t r i c wi th r e s p e c t to the p o i n t - g r o u p 
o p e r a t i o n s , 

W " ' P W = P j j , (7) 

p r o d u c e s e i g e n v e c t o r s that belong to definite s y m m e t r y t y p e s . We t h e r e ­

fore compute the m a t r i x of P over the se t s'-'-'' and d i a g o n a l i z e it by m e a n s 

of a u n i t a r y m a t r i x W.» This t r a n s f o r m a t i o n def ines a s y m m e t r y - a d a p t e d 

s e t of functions F^ ' t h rough 

F(L) = sj-Uvf, (8) 

T h e s e new funct ions F^ ' do a l r e a d y t r a n s f o r m i r r e d u c i b l y , but they a r e 
not ye t in a suff ic ient ly we l l -de f ined f o r m to be su i t ab l e for s u b s e q u e n t 
app l i ca t i ons . 

In p a r t i c u l a r , we m u s t f i r s t find out how m a n y d i f f e ren t 
s y m m e t r y s p e c i e s a r e spanned by the s e t F , and identify which func t ions 
belong to which s p e c i e s . To do t h i s , we s o r t the F f i r s t a c c o r d i n g to the 
d e g e n e r a c i e s of t h e i r a s s o c i a t e d e i g e n v a l u e s . We s t i l l m u s t d i s t i n g u i s h 
among s p e c i e s wi th the sanne d e g e n e r a c y , but w i th d i f fe ren t s y m m e t r y b e ­
h a v i o r . F o r th is p u r p o s e , we choose a s e c o n d to t a l ly s y m m e t r i c o p e r a t o r , 
" ' , of the type of Eq . 5, but defined on a d i f fe ren t s e t of po in t s S ' , w i th 
m a t r i x e l e m e n t s 

K. - (siy'\y'}. (9) 

In g e n e r a l , t h e m a t r i x W t h a t d i a g o n a l i z e d P d o e s n o t c o m p l e t e l y d i a g o n a l i z e 
P ' , b u t p r o d u c e s a m a t r i x . 

*The choice of algorithm for diagonaUzation in this method is not a matter of indifference. If degeneracies are 
present, the Givens-Householder technique introduces mixing in the eigenvectors where there is none in the 
matrix, corresponding to an arbitrary rotation of the coordinate axes. The Jacobi method, fot one, gives 
eigenvectors that retain the simple stmcture of the original matrix, and is therefore preferable. 
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W " ' P ' W M , (10) 

having the s t r u c t u r e shown in F i g . 2. The n o n z e r o o f f -d iagona l e l e m e n t s of 
M c o n n e c t funct ions F j be longing to the s a m e s y m m e t r y s p e c i e s , so we can 
now a s s i g n a un ique s y m m e t r y l abe l to e a c h funct ion. 

1̂  
M'̂ ' 

0 

M'̂ ' 

M"" 

0 

M'""' 

0 

0 

M''' 

0 

M"-"' 

0 ] 

M"" 

Fig. 2 

Structure of Matrix M from Eq. 10, Showing 
Off-diagonal Blocks Connecting Sets of 
Functions Belonging to the Same Symmetry 
Species. The blocks on the diagonal are 
themselves diagonal, with equal diagonal 
elements within a block. ANL Neg. 
No. 121-4451. 

4. C a s e of I n v e r s i o n S y m m e t r y 

A m o l e c u l e p o s s e s s i n g i n v e r s i o n s y m m e t r y wi l l r e q u i r e tha t the 
above p r o c e d u r e be r e p e a t e d for the u n g e r a d e r e p r e s e n t a t i o n s . One then has 
two s e t s of func t ions , which t o g e t h e r span a l l the i r r e d u c i b l e r e p r e s e n t a t i o n s 
of the point g r o u p . S ince the s y m m e t r y b e h a v i o r of funct ions in one s e t 
d i f fers f r o m tha t of c o r r e s p o n d i n g m e m b e r s of the o the r se t only in t h e i r 
i n v e r s i o n p a r i t y , it is usefu l to e s t a b l i s h a c o r r e s p o n d e n c e be tween the two 
s e t s of s y m m e t r y l a b e l s that have been a s s i g n e d . Any m a t r i x e l e m e n t of 

P be tween m e m b e r s of the s e t s F § and F " m u s t v a n i s h b e c a u s e of the 
p a r i t y d i f f e r ence . H o w e v e r , if one f i r s t f o r m s a new se t of funct ions 

L " M "= I 
MM' 

( L " M " | L M L ' M ' ) Y L J ^ Y L ' M " (11) 

w h e r e L" = L,^, L - L ' , and the quan t i t i e s ( L " M " | L M L ' M ' ) a r e the u s u a l 
C l e b s h - G o r d a n c o e f f i c i e n t s , ' t h e s e new funct ions m u s t p e r f o r c e have even 
p a r i t y , a s the p r o d u c t of two s e t s of l ike p a r i t y . S ince the L" and M" v a l ­
ues d e t e r m i n e the b e h a v i o r of the funct ions t o w a r d r o t a t i o n s and r e f l e c t i o n s , 
the coef f ic ien ts W that s y m m e t r y - a d a p t the r e a l a n a l o g u e s of the Y^nivl" 

(Lu) a r e the s a m e a s t hose tha t s y m m e t r i z e S The n o n z e r o m a t r i x e l e m e n t s 

(4' 'W')-^ 
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then identify symmetrized functions differing only in their behavior 
toward inversion. 

5. Imposition of a Standard Phase Choice 

If all sets of functions belonging to the same symmetry species 

have the same phase, the individual off-diagonal blocks M '̂̂  of Eq. 10 are 
also diagonal, and we have achieved the maximum factorization of the 
matr ix . To accomplish this, and at the same time to impose a canonical 
phase choice on all symmetry vectors , we proceed in two s tages . 

F i r s t , we find the set of functions S that has the lowest L value 
capable of spanning a particular representation, without regard to possible 
inversion-parity distinction. Denote this set by S^(min). The axis system 
and phase evinced by the eigenvectors resulting from the diagonaUzation 
of the matr ix of P over this set are taken as the canonical phase for that 
representation. '" (The way in which the set S^(min) is identified for a par ­
ticular representation is a special case of the procedure for symmetry-
adapting an arbi t rary set of functions, described in Sec. II.C of this report . ) 

Second, we align the phases of all occurrences of that r ep resen­
tation in the set Fwith the canonical phase by means of a unitary t ransfor­
mation T, described in Sec. II.E. If inversion symmetry is present , the 
procedure is best elucidated through an example. Suppose that the set of 
spherical harmonics with L = 1 is the smallest set capable of spanning a 
representation labeled Tm in the group under consideration. Then the 

phases of all occurrences of Tju in the set F " a re aligned with that of 
the L = 1 set. This phase choice is then also imposed on all occurrences 

of Tjg in F 8 . The problem of parity is circumvented by using an Aj^ 
operator to connect the two sets of functions: One identifies the Am func­
tion in the set F ^ and multiplies P by it, thereby forming a new odd-
parity operator, 

Py = F(Aiu) X P. (12) 

The off-diagonal blocks of matr ix elements of P̂^ a re made diagonal by the 
method given in Sec. II.E. 

The transformations just described may be collected into a 

matr ix T which, when applied to the F^^ ' , defines a new set of functions 

^,(L) ^ j , (L)^ ^ S^^'wT = S^^V' (13) 
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T h e s e funct ions now have a l l the w e l l - d e f i n e d s y m m e t r y b e h a v i o r and p h a s e 
c h o i c e s tha t a r e d e s i r a b l e for u s e in c a l c u l a t i o n s , and a s such they could be 
u s e d a s our s t a n d a r d s e t of funct ions spann ing a l l p o s s i b l e s y m m e t r y types 
in the point g r o u p . If the s e t t ' con t a in s two o r m o r e r e p r e s e n t a t i v e s of a 
g iven s y m m e t r y s p e c i e s , h o w e v e r , t h e s e v e c t o r s wi l l m i x t o g e t h e r in a way 
d e t e r m i n e d by the o p e r a t o r s we have u s e d , and h e n c e in a way tha t b e a r s 
no i n t e r p r e t i v e s i g n i f i c a n c e . To "undo" th i s a r b i t r a r y m i x i n g , we m a y 
apply a f inal t r a n s f o r m a t i o n B which m a x i m i z e s the n u m b e r of z e r o e s in 
V whi l e p r e s e r v i n g the s y m m e t r y p r o p e r t i e s . The c o n s t r u c t i o n of B is 

d e s c r i b e d in de t a i l in Ref. 26. The funct ions 'lî  ' , 

^ (L) ^ V ( L ) B , s ' ^ ' v ' B = y h , (14) 

c o m p r i s e the s t a n d a r d s e t , c a l l e d p r o t o t y p e func t ions . 

6. E x a m p l e : The O c t a h e d r a l G r o u p O^ 

As an e x a m p l e of the p r o t o t y p e funct ions and the s t a n d a r d p h a s e 
c h o i c e s we have i m p l e m e n t e d , we c o n s i d e r the o c t a h e d r a l g r o u p Oj^. The 
i r r e d u c i b l e r e p r e s e n t a t i o n s of Oj^ and t h e i r d e g e n e r a c i e s a r e i n d i c a t e d in 
T a b l e I. The l o w e s t L v a l u e s tha t s p a n a l l the even - and o d d - p a r i t y r e p r e ­
s e n t a t i o n s a r e Lg = 6 and L^ = 9, r e s p e c t i v e l y . If r ( L = 6) and r ( L = 9) 
a r e the c o r r e s p o n d i n g r e p r e s e n t a t i o n s , then u n d e r the o p e r a t i o n s m a k i n g 
up the g r o u p Oj^ they r e d u c e a s fo l lows : 

.g + Eg + Tig + ZT^g; ^ 

:u + Eu + 3T,u + ZT^^.J 

r ( L = 6) - Aig + Ajg + Eg + Tig + ZT^g; 

r ( L = 9) -* Aiu + A -

T A B L E I. S y m m e t r y S p e c i e s of the 
P o i n t G r o u p Ojj 

Symbo l 

E v e n P a r i t y Odd P a r i t y D e g e n e r a c y 

Aig Aiu 1 
A2g Aju 1 
E g Eu 2 
T ig Tiu 3 
Tag T^u 3 

F i g u r e s 3 a n d 4 show the s i m p l e s t r e p r e s e n t a t i v e s of e a c h s y m ­
m e t r y s p e c i e s in O^, d e r i v e d f r o m r e a l s p h e r i c a l h a r m o n i c s , and i n d i c a t e 
t he s t a n d a r d p h a s e c h o i c e s a g a i n s t wh ich the p r o t o t y p e funct ions a r e a l i g n e d . 
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The behav io r of the s y m m e t r y - a d a p t e d p r o t o t y p e funct ions for L = Lg a n d 
L = Ly is shown in F i g s . 5 and 6. T h e s e f i g u r e s w e r e g e n e r a t e d and p lo t t ed 
by the c o m p u t e r as a p r o g r a m opt ion, and i l l u s t r a t e a type of i n c i d e n t a l a p ­
p l i ca t ion for which the p r o g r a m m i g h t be use fu l . The t r a n s f o r m a t i o n coef­
f ic ien ts mak ing up the m a t r i x V in Eq . 14 a r e r e a l c o m b i n a t i o n s of t h o s e 
given in Appendix 2 of Ref. 11. 

C. S y m m e t r y - a d a p t a t i o n of an A r b i t r a r y C l o s e d Se t of F u n c t i o n s 

1. Allowed Func t ion C l a s s e s 

We have p l aced a good dea l of e m p h a s i s thus far on the c o n s t r u c ­
t ion of the p ro to type functions and t he i r p h a s e s . Th i s e f for t w a s w e l l s p e n t , 
h o w e v e r , s ince it now b e c o m e s an e a s y t a sk to s y m m e t r y - a d a p t v i r t u a l l y 
any s e t of functions a s s o c i a t e d wi th the m o l e c u l e , t ha t i s , to find the r e d u c ­
t ion m a t r i x U of Eq . 4. F o r th is to be p o s s i b l e , it i s u s u a l l y n e c e s s a r y to 

' lg( .< = OI 

r ^ 
A j , ( / . 6 I 4 j„ ( / O l 

(91 («) 

E„ W5) 

l / l (Il (Xl (yl IJI 

T|o(.< = 11 T... (.<=ll 
(z 

(Cl 
Tj„ ( / . 3 I 

Fig. 3 

Computer Plots of Real, Symmetry-adapted 
Spherical Harmonics Centered at the Origin 
Giving the Simplest Occurrence of Each 
Even-parity Representation of Of,. The func­
tions are evaluated on the surface of a unit 
cube, and the shaded areas represent negative 
function values. Subspecies labels ate those 
used in Ref. 11. ANL Neg. No. 121-4440. 

Fig. 4 

Computer Plots of the Simplest Occur­
rence of Each Odd-parity Irreducible 
Representation of Ojj. ANL Neg. 
No. 121-4438. 
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\P> 

& 

T I , (2 SETSI 

(.t = S\ 

Fig. 5 

Symmetry-adapted Prototype Functions 
(L - 6) Spanning All the Even-parity 
Representations of O,̂ . ANL Neg. 
No. 121-4439. 

T2. (2 SETSI 

Fig. 6 

Symmetry-adapted Prototype Functions (L = 9) 
Spanning AU the Odd-parity Representations 
of O),. UNL Neg. No. 121-4437. 

r e q u i r e only tha t the s e t be c l o s e d , in the s e n s e t h a t E q . 1 is va l id . T h e s e 
funct ions m a y be of v a r i o u s t y p e s : F o r e x a m p l e , in an ab^ in i t io c a l c u l a t i o n 
of e l e c t r o n i c p r o p e r t i e s , they m a y be a t o m i c b a s i s funct ions c e n t e r e d on 
the ind iv idua l a t o m s . F o r p r o b l e m s in m o l e c u l a r d y n a m i c s , they m a y be 
the C a r t e s i a n d i s p l a c e m e n t s of the n u c l e i . To i l l u s t r a t e an i m p o r t a n t c a s e , 
we wi l l c a r r y t h r o u g h the e x a m p l e of d e t e r m i n i n g a s y m m e t r y - a d a p t e d 
a t o m i c b a s i s s e t . 

2. E x a m p l e : A t o m i c B a s i s Set 

Le t X be the s e t of a l l a t o m i c o r b i t a l b a s i s funct ions to be u s e d 
in a s u b s e q u e n t c a l c u l a t i o n ; a t yp i ca l m e m b e r is X . ( R A ' ^ A ' ^ A ^ ' w h o s e 
q u a n t u m n u m b e r s a r e n , t, and m , and w h o s e o r i g i n is a t a t o m A. We m a y 
c h o o s e the funct ions to be r e a l wi thout inf r inging on the g e n e r a l i t y of the 
m e t h o d . F r o m X we m a y e x t r a c t a s m a l l e r s e t X wh ich con ta ins a l l v a l u e s 
of the a n g u l a r i n d i c e s , t and m , r e p r e s e n t e d in X, but wi th only one r e p r e ­
s e n t a t i v e r a d i a l p a r t for each -t va lue wi th in a c l a s s of s y m m e t r y - r e l a t e d 
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a t o m s , or a t o m type .* Again , no l o s s of i n f o r m a t i o n is i nvo lved , s i n c e no 
p o i n t - g r o u p o p e r a t i o n changes the r a d i a l p a r t of a funct ion ( excep t for a 
change of o r i g i n ) , and t h e r e f o r e funct ions tha t differ only in t h e i r r a d i a l 
p a r t s have the s a m e t r a n s f o r m a t i o n coef f ic ien t s a s s o c i a t e d wi th t h e m . The 
final s e t of s y m m e t r y - a d a p t e d funct ions f r o m X, which a r e to be u s e d m a 
q u a n t u m - m e c h a n i c a l c a l cu l a t i on , a r e denoted a: 

As X is sub jec t ed to the v a r i o u s s y m m e t r y o p e r a t i o n s of G, 
c e r t a i n subsets~of its cons t i t uen t funct ions t r a n s f o r m only a m o n g t h e m ­
s e l v e s and n e v e r into m e m b e r s of a n o t h e r s u b s e t . In p a r t i c u l a r , no r o t a t i o n 
or r e f l ec t ion changes the q u a n t u m n u m b e r s n or t of a funct ion , n o r can a 
r o t a t i o n or r e f l ec t ion p l ace the function on a new n u c l e u s w h i c h is not r e ­
l a t ed by s y m m e t r y to the o r i g i n a l n u c l e u s . We deno te a s u b s e t w i th a g iven 
t - v a l u e and a t o m type T by X''''^; the s u b s e t con t a in s (2^+ l) n.^ b a s i s func­
t i o n s , w h e r e n,- is the n u m b e r of a t o m s in T. The s y m m e t r y - a d a p t e d func­
t ions we d e s i r e conta in componen t s wi th in a g iven s u b s e t ; we thus r e c o g n i z e 
that the t r a n s f o r m a t i o n m a t r i x U a l s o f a c t o r s in to s u b m a t r i c e s U "^, p e r ­
m i t t i n g each s u b s e t to be s y m m e t r y - a d a p t e d i ndependen t ly : 

^It , y_^tulT, (17) 

E a c h s u b s e t in X is t r e a t e d the s a m e way ; in the r e m a i n d e r of th i s s e c t i o n , 
t h e r e f o r e , the s u p e r s c r i p t s wil l be o m i t t e d for b r e v i t y . F u r t h e r , s i n c e the 
a c t u a l r a d i a l dependence f a c t o r s out of the s y m m e t r y t r a n s f o r m a t i o n , we 
i g n o r e it and r e p l a c e it by R( r ) = r " ' for e a s e of c o m p u t a t i o n ; the only r e ­
q u i r e m e n t on R( r ) is tha t it be suff ic ient ly d i s t i n c t i v e to avo id a c c i d e n t a l 
d e g e n e r a c i e s . 

3, S y m m e t r i z a t i o n P r o c e d u r e 

The in i t i a l s t a g e s of s y m m e t r y - a d a p t a t i o n p r o c e e d as ou t l ined 
p r e v i o u s l y : the m a t r i x of p ove r the s u b s e t X is c a l c u l a t e d and d i a g o n a l i z e d 
by a t r a n s f o r m a t i o n W. A new s e t of funct ions P is f o r m e d f r o m X, 

p = XW. (18) 
K, r^r.j 

To d e t e r m i n e what r e p r e s e n t a t i o n s a r e c o n t a i n e d in P and to l ine up p h a s e s , 

we r e i n t r o d u c e the r e a l h a r m o n i c s S and c a l c u l a t e a connec t ion m a t r i x Q, 

Operationally, we define an atom type to include all atoms of a given chemical element that are "equidistant" 
from the center of nuclear charge. According to the looseness of the criterion applied to determine "equi­
distance," a user may optionally include atoms that ate not strictly related by a symmetry operation. In 
studies of small distonions from an equilibrium geometry, this option allows one to avoid abmpt changes of 
symmetry adaptation as the nuclear geometry changes continuously. 
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Qij = ( s i ^ V l x j ) . (19) 

ia) Then, letting V^ be the set of prototype transformation vectors associated 
with the cyth prototype eigenvalue, of degeneracy n^ ,̂ and w(P) the set of 
atomic basis-function eigenvectors from eigenvalue p, of degeneracy no = 
n^, we compute the njy x n^ matr ix 

M*"̂ ^ = V - ' ^ ' W ^ ^ ^ (20) 

If M^ '̂ ' contains any nonzero elements , then W^"' ca r r i e s the same sym­

metry species as V^""'. The phase of W '̂̂ ' is made to correspond to that of 

V '̂*) by the method of Sec. II.E. 

The new basis functions o' , 

a' = £T = XWT = XU', (21) 

have the well-defined transformation propert ies necessary to induce maxi­
mum symmetry factorization in a calculation. However, if the same i r r e ­
ducible representation is spanned more than once in a set of functions a ' , 
the different sets still mix together in a way determined by the operator P. 
The method described in Ref. 26 determines a final transformation B' , 
which produces a simple set of coefficients in U: 

The procedure is repeated for each set X'̂ ''̂ . 

D. Finite Point-group Vector-coupling Coefficients 

1. Definition and Proper t ies 

Let Fp and Gpi be two sets of functions forming bases for the 
irreducible representations F and F' , respectively, of the point group. Con­
sider a new set H with np x n^, members formed by taking all possible 
products of pairs Fp x Gpi^i. where Y and Y' label the different subspecies 
in r and f . The elements in H provide a new basis set for representations 
of the point group. A representation F" is contained in the direct product 
F X F' , if symmetry-adapted functions Hpnyii can be constructed from H by 
means of a suitable unitary transformation:'^ 

H X Z (r"Y"|rYF'Y')Fp^Gp, (23) r "Y" - l ^ L ^ ' Y ii y Y ^ ^ P Y ^ F ' Y 
Y Y' 
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The coefficients (F"Y"|rYF'Y') in Eq. 23 are called vector-coupling coeffi­
cients. In the full rotation group, these coefficients occur in the coupling 
of two angular momenta to form a third: 

Y^"m" = 1 1 ( i"m" | tmi 'm ' )Y.^^Y.^ ,^ , . (24) 
m m' 

In this case, the coefficients are also called Clebsh-Gordan coefficients.* 
The vector-coupling coefficients are defined to be orthonormal in the sense: 

I I (riYi|rYr'Y')(rYF'Yir3Yz) = 6p^p^6^^^^6(r,r',r,); 
Y Y' 

I I (rYir'Y;lr"Y")(r"Y"|rY2r'Yp = 6YiY2^iY '̂ 
p„ Y" 

(25) 

where 6 ( r , r ' , r i ) is unity if F x F' contains Fj, and is zero otherwise. Be­
cause vector-coupling coefficients completely describe the geometric r e ­
lationships between various basis functions, any quantum-mechanical 
matr ix element can be factored into a part which is determined by only 
geometric properties and a second part which depends on rotationally in­
variant properties of the particular wave functions and operator : 

K"F"Y"KYl^<v'r 'Y'> = (r"Y"|FYF'Y') < F „ " r " | K | K i r . > - (26) 

The second factor on the right is called the reduced mat r ix element, and 
the theorem that assures this factorization is called the Wigner-Eckart 
theorem. If F, F' ,and F" are degenerate irreducible representa t ions , con­
siderable labor may be saved in calculating mat r ix elements among the 
members of the degenerate sets by calculating the reduced mat r ix element 
only once. 

2. Method of Calculation 

To compute the vector-coupling coefficients for finite point 
groups, we use the fact that the real spherical harmonics in te rms of which 
we expand prototype functions for the finite group are themselves symmetry-
adapted to the full rotation group. In showing the derivation, we find it con­
venient to rever t to the complex functions Yĵ ĵ j;, which are then related to 

the prototype functions l"̂  ' of Eq. 14 by a complex transformation c'-"^': 

^(L) ^ Y ( L ) C ( ^ ) , (27) 
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t(L) 
>rY 

L 

I -
M = - L 

aFy 
L M ^ L M - (28) 

,arY The coef f ic ien t s C^ w a r e r e l a t e d to the e l e m e n t s of the m a t r i x 
V of E q . 14 in the following way: F i r s t , l e t the m a t r i x C be w r i t t e n 

C = A + i B , 

w h e r e A and B a r e r e a l m a t r i c e s . T h e n , 

< ' - <?•• 

M 

B Lo = 0; 

ffFy _ ( ' ! ) T.Q'FY 
'•LM 

,aFY 
^ L , - M 

L,2M+i' 
CCFY ( ' ' ) ,,C^FY 

= i-irA' 
M ^ C ^ F Y . 

L M ' 

' L M 

,C^FY 
^ L , - M 

L,2M' 

M+i aFy •1)^"^' B' LM-

Now c o n s i d e r the m a t r i x e l e m e n t 

(L") 
a"F"Y" 

, (L ' ) 
'cv'F'Y y 

In v iew of Eq 26, th i s can be w r i t t e n 

y^ 
' Q ' " F " Y " 

y^ 
^a'F'Y 

(L) 
OFY 

( F " Y " | F Y F ' Y ' ) ^•^Vpl, * a ' F ' •1̂ ' 
By E q . 28 , h o w e v e r , we can a l s o w r i t e 

, (L ' ) /y^ y^ y\ 
\a"r"y" V ' F ' Y ' aTy/ 

V V V r*°'^ "* r-' 
L L L ^T,"M" ^ 
M" M' M 

*cy"F"Y"_a' 'F'Y'_aFY 
L " M " " L ' M ' ^ L M \ L " M " P L ' M ' | ' L M 

> • 

(29) 

(30) 

(31) 

Equa t i ng t h e s e two e x p r e s s i o n s and apply ing the W i g n e r - E c k a r t t h e o r e m to 
the m a t r i x e l e m e n t o v e r s p h e r i c a l h a r m o n i c s , we ob ta in the f inal e x p r e s s i o n : 
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V(-I)^"(YL"IK'IK} 
(r-V'irYF'Y') = / ,(L") |1(L') |1,(L)/ 

V^a-F-rc'F'PaF / 

V V ^*0!"T"y" _a'F'YV°'^'',- ,^M+M'/L L' L" \ (32) 
L L '^i^-.U+M'^l.-M'^hU''^' \ ,MM'-M-M' / -
M' M 

The quantity in front of the summation signs in Eq. 32 is not calculable di­
rectly in our method. Its magnitude is determined, however, by the condi­
tion of Eq. 25 on the vector-coupling coefficients. We are left with an 
arbitrary choice of sign for each trio of representations (F,F',F"). In the 
absence of a well-defined means of imposing other sign choices, we choose 
the quantity 

(•l)'-"^L-|kL-|I^L) 

to be positive for all representations and prototype L values. Since the 
vector-coupling coefficients are not dependent upon the inversion parity of 
the representations involved, we may take L = L' = L" = Lg, the value that 
spans all the even representations of the point group. 

3. Antisymmetric Direct Products 

Equation 32 fails for some combinations (F,F',r") if all three 
sets of spherical harmonics have even L values, because of the behavior of 
the 3-j symbols under permutation of L values. This condition arises when 
two of the F's are the same and the third belongs to the set of antisymmetric 
squares (see, e.g., Ref. 11). The summation may be made not to vanish if 
one of the sets of Y ĵyj is antisymmetric. Let the functions '^l_,"'!sA"' YLJVI, 
^L'M' °^ ^1- 24 be chosen so that L = L' = Lg, and L" = Lu- The functions 
^L"M" are then not usual spherical harmonics, because they are antisym­
metric with respect to interchange of L and L', have even inversion parity 
(see Eq. l l) , and in fact are multiplied throughout by i = \/-T. The coeffi-

a"r"Y" 
cients Cĵ i,ĵ „ that symmetry-adapt the Yĵ ,;w„ can be inserted into Eq. 32 

to obtain the desired antisymmetric vector-coupling coefficients. 

4. Extensions and Uses 

Vector-coupling coefficients are produced by the method de­
scribed in this report for any finite point group, even for one such as the 
icosahedral group which has two linearly independent sets of coefficients 
for certain combinations of irreducible representations. With proper 
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attention to phase choices, it should be possible also to generate the V, W, 
and X coefficients of Griffith,'^ which are the respective analogues of the 
Wigner 3- j , 6- j , and 9-j symbols . ' 

E. Phase Alignment of Sets of Functions Carrying the Same Symmetry 
Species 

Let V *̂̂ ' and W">P' be the sets of transformation vectors associated 
with eigenvalues a, 3, respectively, of degeneracy nQ, = no. Here V *̂̂ ' and 

W need not a r i se from the same set of functions, but V *̂̂ ' is assumed to 

have the standard phase choice. We seek a unitary transformation T^°'P', 

•W'(e) = •W(P)T ( ° 'P ) , (33) 

such that 

j^{a^)j(a?) = M(^e)_ (34) 

where M'°'P' is the matr ix connecting V*'°'' and wiP), and Mj?^' is diagonal, 

with equal diagonal elements X. M^ is defined by 

j^(ae) ^ y.-i(a)p^(P)_ (35) 

where P is the mat r ix of a totally symmetr ic operator over the basis func-
(jy) ( g ) • 

tions represented in V^ and W^^'. 

Suppressing the superscr ip ts and rewrit ing, we obtain 

M = M j j T ' ' , (36) 

"^ij = I ^ikSiktkj = y - (37) 
k 

Since T is unitary, we may write 

i K / = ''i\y -^'•'- (38) 

Then 

- A / ? m i j ' 
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and f ' = t-- = m*.A, These small transformations T(° ' ^ ) a re all that need be 
calculated, although formally they may be collected in one unitary t ransfor­
mation T applied to the entire matr ix W. 

III. PROGRAM DESCRIPTIONS AND ALGORITHMS 

A. Design Philosophy 

The program described in this report (which we call GPTHEORY) 
is designed with a view to interfacing with any of several types of applica­
tions programs, as well as being a "stand-alone" program in and of itself. 
To facilitate interfacing, the output from the program is organized into 
block-common storage areas whose contents may optionally be dumped on­
to an external storage device. Input to the program is purposely kept to a 
bare minimum, namely, the number and types of a toms, their Cartesian 
coordinates in some convenient axis system, and "something" that charac­
terizes the basis set. The latter may be as little as a control integer, 
since the program contains several pres tored Slater-type atomic basis 
se ts , from which it will extract the necessary information. Section IV of 
this report contains complete descriptions of the input and the output. 

A potential user of this program may well envision applications that 
have not been specifically provided for, and may therefore need to modify 
the structure of the program. Hence, we have tr ied to make the package as 
modular as possible, well-defined tasks being relegated to subroutines. 
Fur thermore , "sockets" have been provided for the user to "plug in" his 
own applications module with minimum trauma. 

Extensive matrix manipulations and inner products , such as a re 
used in this method, tend to involve accumulation of roundoff e r r o r s that 
can seriously degrade the discrimination of "zero" and "nonzero" quantities 
vital to our approach. This problem is handled quite well by the introduc­
tion of threshold paramete rs : Matrix elements and certain other quantities 
are compared with the zero threshold at frequent stages in the computation, 
and set equal to zero if they fall below. In this way, cumulative e r r o r s are 
minimized, and up to 15-digit accuracy is maintained in the transformation 
coefficients. 

A good deal of intermediate printout, which is suppressed under 
normal operation, may be invoked as a diagnostic tool in case of t rouble. 
Indeed, if termination occurs under conditions allowing the p rogram to r e ­
main in control, a r es ta r t is made with intermediate output to aid in 
troubleshooting. 

B. Logic Flow 

The program is divided into several sections that a re logically a l ­
most independent of one another. Overall control is thf^r-^fr^,-^ ve-=te-i -- -
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short driver program, MAIN, which calls the appropriate segments , con­
trols restar t ing in case of program-detected e r r o r s , and provides an inter­
face to applications programs. 

Figures 7-11 show flowcharts of the several major parts of the 
program. This version of the program is not organized into an overlay 
s t ructure ; if space is a limitation, however, the control sections (subrou­
tines and COMMON blocks) can be put into overlays as shown in Fig. 12. 
(The t ree s t ructure will, of course, differ somewhat for different machines: 
It is shown here for the IBM 360 Linkage Editor.) 

NO MOHE _J„^S\ 
NPUT AND MOLECULAR GEOMETRY ANALYSIS] 7A"S7S i * T O P l 

Fig. 7. Flowchart of Overall Logic Flow 
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R E A D I N JOB P A R A M E T E R S 

AND A T O M I C C O O R D I N A T E S 

SCALE ANO CONVERT COORDINATES 

TO N U M E R I C A L FORM 

T R A N S L A T E TO CENTER OF 

NUCLEAR CHARGE 

COMPUTE SPHERICAL POLAR C O O R D I N A T E S 

IN CENTER OF CHARGE S Y S T E M 

T E S T FOR L I N E A R I T Y OF MOLECULE 

GENERATE CROSS-REFERENCE T A B L E S 

TEST FOR C E N T E R OF I N V E R S I O N 

C A L C U L A T E C O E F F I C I E N T S FOR 

ASSOCIATED LEGENORE POLYNOMIALS 

C A L C U L A T E TOTALLY S Y M M E T R I C G R I D S 

6 

COMPUTE MATRrX OF ^ ' O V E R 
EIGENVECTORS FROM ^ FIND 
NONZERO OFF DIAGONAL BLOCKS 

IDENTIFY REPRESENTATIONS BY 
ITH CORRESI 
FUNCTIOf^S 

IMPOSE STANDARD PHASE ON PHOTOTYPE VECTORs] 

FIND POIHT-GWOUP LABEL.GENERATE REFERENCETABLEsj 

Fig. 8. Flowchart for Molecular-geometry 
Analysis Section 

Fig. 9. Flowchart for Determination of Point-group 
Properties and Prototype Functions 
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CHOOSE AN ATOM-TYPE AND BASIS 
FUNCTION L-VALUE 

CALCULATE MATRIX OF ^ O V E R 
BASIS FUNCTIONS. FIND CRUDE 
SYMMETRY VECTORS 

Fig. 10. Flowchart for Symmetry-
adaptation of Atomic 
Basis Set 

Fig. 11. Flowchart for Calculation of 
Vector-coupling Coefficients 
CV.C.C.'s) 

MOLCUL 
ALPTAS 

DARCOS 
DTAN 

DTAN2 

ORBTLS 
BASFUN 
VALUE 

/WOHKi/ I 

OSIN 
DCOS 
/OUTl/ 
/ALPI/ 
/GIRO/ 
/ X V 2 / 

GROUP 
PHOSYW 
PHASER 
LINCOM 

1. 
ANTSYM 
AUFUN 

/ASYMI/ 

MATPBT 
ElGEN 

DE GEN 
SORT 1 

/PROTCO/ 
'PHASE/ 
/SCAN 1 

1 
VECUPL 

ODDGA 
ORTHOG 

VPHtNT 
/0UT4/ 

Fig. 12. A Possible Overlay Structure for the GPTHEORY Program 
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C. Descriptions of the Subprograms and Their Algorithms 

1. Driver and Initialization 

a. MAIN. Acts as the driver and overall logic control ler . 
Initialization functions are performed (see MAIN0060 through MAIN0140 in 
the appendix), the appropriate computation segments a re called, and e r r o r 
restart ing with intermediate printout is made when possible. 

b. NOFLOW. Suppresses exponent underflow messages issued 
by OS/360 Supplied as a machine language deck. 

c. SYMSUM. Prints a summary of the symmetry propert ies 
of the point group, and stores several c ross - re fe rence tables. 

d. PTGRUP. Determines the Schonflies symbol for the point 
group of the molecule by a table look-up based on the order of the group, 
the number of irreducible representat ions, the presence of a center of in­
version, and complex conjugate representations 

e. FILOUT. Dumps unformatted contents of output COMMON 
blocks onto data set 20. (May be a dummy data set.) 

f. APPLY. Provides dummy subroutine, which user replaces 
with his own application. 

2. Input and Molecular-geometry Analysis 

sian 
a. MOLCUL. Inputs problem identification, atomic Carte 

coordinates, and program-control parameters and thresholds. The origin 
is translated to the center of nuclear charge, and spherical polar coordi­
nates of the atoms are computed. The subroutine determines the distinct 
atom-types, assigns the atom to them, tests for linearity of the molecule, 
determines if a center of inversion is present , and constructs several 
cross-reference tables. Some checks a re made on the suitability of the 
input. 

b. ALPTAB. Generates a table of factorials and a set of co­
efficients C^^^ to be used in computing normalized associated Legendre 
polynomials. The formula used is 

( - ' ) "" , /(Zl+l)[l - m): , , ,r (Zl - 2r); 
^ " ^ ^ zl V 2 ( t . m ) ! / - ^ ) ' r ! ( ^ - r ) ; ( t - 2 r - m ) - -

c. GRID- Computes Cartesian and spherical polar coordinates 
of "totally symmetr ic" grid points for the molecule. If inversion symmetry 
IS present, the grid is made invers ion-symmetr ic , point for point. The grid 



31 

consists of NDIV equally spaced points on each circle centered on the lines 
joining each atom to the origin. The circle is located 9/10 of the distance 
from the origin to the atom, and subtends an angle UJ at the origin 

(U = 2 tan"'[(tan 4°)(1 - Z/150)], 

where Z is the nuclear charge on the atom. 

d. DATEl. Consists of the OS/360 assembly language routine 
that prints out the current calendar date. 

3. Routines Common to More Than One Major Segment 

a. ADAPT . Supervises symmetry-adaptation of a rb i t ra ry 
closed set of functions. 

b. PSYM. Calculates mat r ix of P over either one or two sets 
of functions by the formula 

<F^|p|Gj) = Y. Fi(r,v)Gj(r,v). 
veS 

A control pa ramete r , KALC, determines the kind of computation: If 
KALC < 0, Fĵ  and G; a re assumed to come from two different sets of func­
tions, otherwise from the same set; if | K A L C | = 9, a center of inversion is 
present and the mat r ix element is evaluated over only one atom of each 
invers ion-symmetr ic pair . 

c. THLMK. Computes value of set of 2L + 1 real spherical 
harmonics with radial dependence at a grid point. The functions a re cen­
tered at the origin of the mas te r coordinate system and are defined as fol­
lows for m 2 1: 

FUNCT(i) = st,i = (r\/2)''e.i,o{e); 

FUNCT(2m) 3 S.{,,2m = r'^ ei^{Q) sin (mcp)(-l)™; 

FUNCT(2m+l) = S.{,,2m+i = r'^O^mO) cos (mtp)(-l)'^. 

For each value of m, a call is made to 

d. THETAX. Evaluates the normalized associated Legendre 
polynomial O^^n^^^' 

e W e ) = s i n > ^ e ^ C.tmr(cos y ^ ^ - " , V = i n t ( ^ ) , 
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w h e r e the C^^^^ .̂ w e r e defined in s u b r o u t i n e A L P T A B . S p e c i a l f o r m u l a s a r e 
used for the s p e c i a l c a s e s of s in 0 = 0 and cos 6 = 0. 

e. M A T P R T . Is a m a t r i x output r o u t i n e for s q u a r e m a t r i c e s 
of a r b i t r a r y s i z e . The m a t r i c e s a r e p r i n t e d out s i x c o l u m n s a t a t i m e , wi th 
an a p p r o p r i a t e a l p h a n u m e r i c l abe l for e a c h row. If e i g e n v a l u e s a r e a s s o ­
c ia ted with p a r t i c u l a r c o l u m n s of the m a t r i x , they a r e a l s o output . 

f. EIGEN. Diagona l i zes a r e a l , s y m m e t r i c m a t r i x u s ing the 
J a c o b i me thod . This m e t h o d is u s e d b e c a u s e no m i x i n g is i n t r o d u c e d a m o n g 
v e c t o r s belonging to the s a m e d e g e n e r a t e e igenva lue if they a r e no t c o n ­
nec t ed in the o r ig ina l m a t r i x . The e i g e n v e c t o r s a r e a r r a n g e d in o r d e r of 
descend ing e igenva lue . 

g. DEGEN. D e t e r m i n e s the n u m b e r of d i s t i n c t e i g e n v a l u e s 
and the i r d e g e n e r a c i e s . Two e igenva lues a r e c o n s i d e r e d to be d e g e n e r a t e 
if the abso lu t e va lue of the i r r a t i o di f fers f r o m unity by l e s s than 
CRTDEG (q.v.) . 

n. SORT 1. S o r t s e igenva lues and e i g e n v e c t o r s in a s c e n d i n g 
o r d e r of e l e m e n t s in an i n t e g e r a r r a y a s s o c i a t e d with the m a t r i x . T h u s , 
e i g e n v e c t o r s m a y be s o r t e d a c c o r d i n g to r e p r e s e n t a t i o n index , d e g e n e r a c y , 
e t c . 

i. L INEUP. D e t e r m i n e s w h e t h e r two d i f fe ren t s e t s of func­
t ions belong to the s a m e i r r e d u c i b l e r e p r e s e n t a t i o n , and , if s o , r o t a t e s one 
se t to al ign its phase with that of the o the r s e t . The p h a s e t r a n s f o r m a t i o n 
is c a r r i e d out by the me thod of Sec . I I .E . 

j . CLEAN. So r t s out a r b i t r a r y mix ing of m u l t i p l y - o c c u r r i n g 
r e p r e s e n t a t i v e s of a given s y m m e t r y s p e c i e s , to give coef f i c ien t s tha t a r e 
m o r e ea s i l y i n t e r p r e t a b l e . F o r each s y m m e t r y s p e c i e s , the n u m b e r of s e t s 
of v e c t o r s belonging to it is d e t e r m i n e d , and a ca l l i s m a d e to : 

k. SCAN. D e t e r m i n e s the m e m b e r of a s e t wi th the s m a l l e s t 
n u m b e r of n o n z e r o coef f i c ien t s , and ident i f ies the coef f i c ien t s wi th in a 
tor that differ a t m o s t by a s ign . vec -

1. WIG3J. Computes se t of Wigner 3-j s y m b o l s for g iven I 
v a l u e s . C u r r e n t v e r s i o n a s s u m e s t , = I, = even . The f o r m u l a u s e d is 
given on pp. 45-46 of Ref. 8. 

, . ""• SYMB3J. When -t.3 is odd, a s s i g n s the c o r r e c t p h a s e to the 
J - j symbo l . 

4. D e t e r m i n a t i o n of P o i n t - g r o u p P r o p e r t i e s 

a. GROUP. Is the s u p e r v i s o r for th i s s e c t i o n . On the b a s i s 
of r e s u l t s of a p r e l i m i n a r y ca l l to PROSYM (q.v.) w-'-h I. - ^ ^«t : ,_ . .„ i_._ 
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l owes t L - v a l u e s of s p h e r i c a l h a r m o n i c s spann ing a l l i r r e d u c i b l e r e p r e s e n ­
t a t i o n s of even (and odd) p a r i t y for the p a r t i c u l a r n u c l e a r con f igu ra t ion . 
C a l l s PROSYM to ob ta in p r o t o t y p e func t ions , t hen PHASER to i m p o s e 
s t a n d a r d p h a s e c h o i c e . Tab le II shows the L - v a l u e s s e l e c t e d for e a c h 
point g r o u p . 

TABLE II. L-values Used in the Prototype Functions 
for the Various Point Groups 

L Groups 

0 (Cl) 

1 Czh, Ci 

2 D J , C jv , Dah, C i , C s , Cj 

3 C4h, Djd, Djh, Ceh. S6 

4 D^d' C3, D3, C3V, Dad' Cah- C4, D4, S4. C4V C4h- D4h, C^,, S^. C^h- C7, Gg. Sg 

5 D4h, Djd 

6 D3h, C5, D5, Gsv. Csh, D J , Dth , D6V. T , T h , T d , O, Oh 

7 

8 D4d, Djh 

9 Djh . Dgh. Oh . T h 

10 Dsh 

U 

12 D ( , d . K , K h 

13 

14 

15 Kh 

16 D,h . Dsd 

b . PROSYM. S u p e r v i s e s d e t e r m i n a t i o n of a s y m m e t r y - a d a p t e d 
s e t of s p h e r i c a l h a r m o n i c s . 

c . ANTSYM. G e n e r a t e s a s e t of e v e n - p a r i t y , o d d - t s p h e r i c a l 
h a r m o n i c s to be u s e d in e s t a b l i s h i n g the c o r r e s p o n d e n c e of the o d d - p a r i t y 
(odd--t.) s y m m e t r y v e c t o r s wi th the e v e n - p a r i t y (even--f,) o n e s . 

The f o r m u l a s u s e d a r e as fo l lows : L e t us w r i t e YT-w = 
^LM ''" ^ -SLM- '^^^ funct ions C^ j^ and S L J ^ a r e then r e l a t e d to the S-^ ^ by 
a t r a n s f o r m a t i o n l ike tha t def ined by E q s . 29. The a n t i s y m m e t r i c funct ions 
^ L ' K ^'^^ then given by 
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5T. = I (-1) 
Mi+l ,,1 (,2 . ,1 „2 

^LMi LMi ^LMi-^LMi 

/ L L L'Y 
\ M I - M l 0 / ' 

^L',2M3 ' yz ^MJ-L[''^^' ^LM2 ^LMi LM2 
/ L L L ' y 
^Mi M2 - M j j ' 

^L ' 2M,+i " ' N/2 ^ U L M / L M J ' ^ ^ L M I ^ L M J VMi M^ - M j j ' 
' M . = - L L •• 

w h e r e M3 2 0, Mj = M3 -
the function is eva lua ted . 

Ml , and the s u p e r s c r i p t s i n d i c a t e the g r i d on wh ich 

d. LINCOM. C a l c u l a t e s m a t r i x of P' ( i . e . , o v e r the s e c o n d 
to ta l ly s y m m e t r i c g r id) ove r the c rude s y m m e t r y v e c t o r s . N o n z e r o off-
d iagonal b locks identify s e t s of v e c t o r s be longing to the s a m e s y m m e t r y 
s p e c i e s . 

e . PHASER. I m p o s e s a s t a n d a r d p h a s e on a l l s y m m e t r y v e c ­
t o r s . The s t a n d a r d p h a s e for a given r e p r e s e n t a t i o n is t aken a s tha t e v i n c e d 
by the lowes t L - v a l u e s e t of h a r m o n i c s spanning tha t r e p r e s e n t a t i o n . If a 
p a r i t y d i s t inc t ion e x i s t s , the funct ions of oppos i t e p a r i t y a r e g iven the s a m e 
p h a s e by m e a n s of an Am o p e r a t o r wh ich coup les t h e m . Any a r b i t r a r y 
mix ing of the final p h a s e d v e c t o r s is s o r t e d out by s u b r o u t i n e C L E A N . 

f. AUFUN. Mul t ip l i es an o d d - p a r i t y s p h e r i c a l h a r m o n i c by 
the Aiu s y m m e t r y vec to r to change i ts p a r i t y . 

5. S y m m e t r y - a d a p t a t i o n of an A t o m i c B a s i s Set 

a. BASIS. C o n s t r u c t s the n e c e s s a r y i n t e r n a l bookkeep ing 
t ab les for the a t o m i c b a s i s s e t , which has been m a d e a v a i l a b l e by: 

b- INBAS. G e n e r a t e s an a t o m i c b a s i s s e t for the whole m o l e ­
cu le , b a s e d e i t he r on input v a l u e s or on t ab l e l o o k - u p s . O p t i m i z e d m i n i m a l 
and doub le - ze t a S l a t e r - t y p e b a s i s funct ions a r e s t o r e d for H - X e (va l ence 
she l l only) , and H - K r , r e s p e c t i v e l y . The va lue of L F L O W ( 4 ) c o n t r o l s the 
choice of s t o r e d b a s i s s e t or the input of d i f fe ren t v a l u e s . (See S e c . IV.A 
below for d e s c r i p t i o n of input .) 

c. O R B T L S . S u p e r v i s e s s y m m e t r y - a d a p t a t i o n of a t o m i c b a s i s 
s e t . G e n e r a t e s s y m m e t r i z e d funct ions for e a c h d i s t i n c t - t -va lue in e a c h 
a t o m type , and s e t s up the n e c e s s a r y t a b l e s of i n f o r m a t i o n abou t the s y m ­
m e t r y func t ions . 
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d. BASFUN. Evaluates a set of atomic basis functions at a 
part icular grid point For each atom-centered function, the coordinates of 
the grid point are transformed to the atom-centered axis system, and a 
call is made to: 

e. VALUE. Evaluates the Zi + \ atomic basis functions at a 
grid point. The angular parts of the functions are given in real Cartesian 
representat ion for speed of computation, and an overall radial dependence 
of r ' or r ^ is affixed. Functions up through i = 4 are implemented. 

The formulas used a re : 

Si = R ' ^ 

Pi = ZR"^ 

P2 = YR"2, 

P3 = XR"^ 

Di = -|(3Z2 - R 2 ) R - 4 , 

D2 = ySYZR-*, 

D3 = yixzR"*, 

D4 = ySXYR"^, 

D5 = : ^ ( X ^ - Y 2 ) R - \ 

F , = Z(5Z2 - 3R2) R " ^ , 

F^ = ^ Y ( 5 Z ^ - R 2 ) R - ^ 

F3 = ^ X ( 5 Z 2 - R 2 ) R-^ 

F4 = •y60XYZR'*, 

F5 = %/r5Z(X2 - Y )̂ R"*, 

Fe = ^ Y[3(R2 - Z^) - 4Y2] R -

F7 = ^ X [ 4 X 2 - 3(R2 - Z^)] R - * , 
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Gl = ( ^ Z ^ - 1 5 Z ^ R ^ + | R ' ) R - ' . 

G, = _ _ _ Y Z ( 1 4 Z ^ - 6 R ' ) R - ' , 
"̂  T 

1 0 ^ , / , . - 7 2 _ / D 2 ^ 0 - 6 ^ X Z ( 1 4 Z ^ - 6 R ^ ) R 

and 

20XY(7Z^ -R^) R ' 

G5 = 2l-II(X^- Y ^ ) ( 7 Z ^ - R ' ) R"^ 

G^ = / 7 0 Y Z [ 3 ( R ^ - Z ^ ) - 4 Y ^ 1 R-^ 

G, = y70XZ[4X^ - 3(R^-Z^)] R ' ^ 

Gg = 4,/35XY(2X^-R^ + Z^) R"^ 

G, = VT5[4X'(X^-R^+Z^) + (R^-Z^)^] R"^ 

6. Finite Point-group Vector-coupling Coefficients 

a. VECUPL. Calculates vector-coupling coefficients for the 
finite point group, and supervises related operations. 

For the "symmetric ' ' vector-coupling coefficients, the for­
mula is 

(r"Y"|rYr'Y') = n Y 7 (-i)'^+"^'(^ \ "̂ \ 
i— ^ \ m m' - m - m ' / m na' 

X [(AA' - BB') A" + (BA'+ AB') B' ']. 

For the "antisymmetric" coefficients, the last factor is 
replaced by 

[(BA' +AB') A" - (AA' - BB') B"], 

Q'T'Y' 
where A' = A^j^, , etc. , and the A's and B's are defined in Eqs. 29. 

b. ODDGA Constructs set of transformation coefficients for 
odd-L-value prototype functions. 
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c. ORTHOG. Performs Schmidt orthogonalization of doubly-
occurring sets of coupling coefficients for the special cases of point groups 
T, Tjj, K, and K^. 

d. V PR INT . Pr ints out tables of selection rules and coupling 
coefficients. 

D. Definition of Variables in Common Blocks 

1. Glossary 

The following definitions a re used in the program: 

Angular quantum number: A combined index denoting the i r r e ­
ducible representation and the subspecies. Assigned sequentially from 
Aig = 1. 

Basis index: An index denoting a part icular set of n, -t, and £ 
values in the atomic basis set. There are 2-t + 1 times the number of atoms 
of that element functions belonging to a given basis index. 

K-value: An integer, 1 S K S 2-t, + 1, indexing the real basis 
functions belonging to an-t-value; K = 2m indexes the function corresponding 
to sin (mcp); K = 2m + 1 indexes the cos (mtp) function. 

Prototype function: A linear combination of real spherical har­
monic functions which is symmetry-adapted and has a canonical phase. 

Radial quantum number: An index denoting the particular occur­
rence of a symmetry species in the symmetry-adapted atomic basis set. 
That i s , the third Aig function would have a radial quantum number = 3, an 
angular quantum number = 1. 

Transformation block: A set of symmetry transformation coef­
ficients for atomic basis functions, character ized by a particular atom-type 
and -t-value. 

Transformation index: An index given to the symmetry-
adaptation of a part icular set of atomic basis functions, i .e. , a part icular 
basis index on a part icular atom-type. Since the transformation coefficients 
a re determined by the -t-value of the functions and their atom-type, several 
transformation indices may refer to the same block of coefficients. 

2. Blocks Containing Output from the P rogram 

a. Block/OUT 1/. Information about the nuclear geometry and 
chemical makeup of the molecule. 
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POS(l,IA): The Ith Cartesian coordinate for atom No. IA. 

RADIUS(IA), THETA(IA), PHl(lA): The spherical polar coordinates for 

atom IA. 

NATOMS: The number of atoms in the molecule. 

NATYPE: The number of atom-types. 

N U M T ( I T ) : The number of atoms in atom-type IT. 

NUCT(IT): The nuclear charge (or atomic number) of atoms in atom type IT. 

I T S Y M B ( I T ) : The chemical symbol of atoms in type IT. 

I T Y P A ( I N , I T ) : The loading index of the INth atom of atom-type IT. 

I T Y P T ( I A ) : The atom-type to which atom IA belongs. 

I T Y P I ( I A ) : The running index of atom IA within its atom-type. 

I N V A T ( I A ) : The index of the atom inversion-symmetr ic with respect to 
atom IA (if a center of inversion is present) . 

b. Block/OUTB/. Information about the unsymmetrized atomic 
basis functions. 

B C O E F ( I ) : The self-consistent field coefficient of the Ith Slater-type orbital 
in the appropriate SCF atomic orbital basis vector. 

Z E T A ( I B , I T ) : The orbital exponent of the function corresponding to basis 
index IB in atom-type IT. 

N V A L U E ( I B , I T ) : The principal quantum number for basis index IB in atom-
type IT. 

L V A L U E ( I B , I T ) : The corresponding value of I. 

N B A S T ( I T ) : The number of basis indices (sets oi r, I, Q values) on atoms 
of type IT. 

I C R K ( I T ) : The number of core electrons on atoms of type IT. 

N A S B ( I T ) : The number of atomic symmetry blocks (distinct -t-values) for 
atom-type IT. 

I B L K A ( L + 1 , I T ) : The index of the block of transformation coefficients for 
the particular L-value in atom-type IT. 

NBLK: The number of transformation blocks making up the a r ray ASCOEF. 

N B V B ( I B L K ) : The number of basis vectors from functions in IBLK. 

N B I B ( I B L K ) : The number of basis indices represented in IBLK. 

I T B ( I B L K ) : The atom-type for the transformation block IBLK. 

LVB(IBLK): The L-value characterizing the block IBLK. 
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I B I T ( I B , I B L K ) : The basis index corresponding to running index IB within 
the block IBLK. 

IBCFST(IBLK): The index in BCOEF of the first coefficient belonging to 
functions in transformation block IBLK. 

NOR: The total number of orbitals in the basis set. 

I A T ( I A O ) : The index of the atom on which orbital lAO is centered. 

IBT(IAO): The basis index of orbital lAO. 

I K T ( I A O ) : The k-value (k = 1,2, . . . , 2 ' t + l : a sequential index numbering 
the real atomic orbitals of given ;£.) for orbital LAO. 

I A 0 F S T ( I B , I A ) : The running index of the first member of basis index IB 
on atom IA. 

c. Block/OUT2/. Information about the symmetry transfor­
mation of the atomic orbitals and about the new, symmetry-adapted functions. 

A S C O E F ( I A R R A Y ) : The symmetry- t ransformation coefficient indexed by 
LARRAY. 

I T R A N T ( I B , I T ) : The transformation index corresponding to basis index IB 
of atom-type IT. 

I A 0 T ( I A R U N , I T R A N S ) : The index of the lARUNth orbital in the t ransforma­
tion block indexed by ITRANS [= I T R A N T ( I B , I T ) ] . 

I T R A N ( I S O ) : The transformation index corresponding to symmetry-adapted 
basis function ISO. 

I S R U N T ( I S O ) : The running index of symmetry orbital ISO within its t r ans ­
formation index. 

I A N G T ( I S O ) : The "angular quantum number" of symmetry orbital ISO. 

I R A D T ( I S O ) : The corresponding "radial quantum nunaber." 

I F I R S T ( I T R A N S ) : The index of the first coefficient in ASCOEF indexed by 
ITRANS. 

ISOT(lSRUN,ITRANS): The index of the ISRUNth symmetry orbital in the 
transformation block ITRANS. 

I F B ( I B L K ) : The index in ASCOEF of the first coefficient in the t ransforma­
tion block IBLK. 

I S 0 Q ( I A N G , I R A D ) : The symmetry orbital whose angular and radial quantum 
numbers a re lANG and IRAD, respectively. 

N R A D A ( I R E P ) : The number of times the representat ion IREP occurs in the 
atomic basis set. 
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d. Block/OUTS/. Information about the point group to which 
the molecule belongs. 

NREP: The number of irreducible representations in the point group. 

N D E G A ( I R E P ) : The degeneracy of the irreducible representat ion IREP. 

I A N G A ( I , I R E P ) : The angular quantum number assigned to the Ith row of 
representation IREP. 

I R E P A ( I A N G ) : The representation to which angular quantum number LANG 
belongs. 

lORDER: The order of the group. 

LVALl: The -t-value of the prototype functions that span all the even r e p r e ­
sentations of the group. 

LVAL2: The -t-value spanning all the odd representations. (Set = 0 if no 
center of inversion.) 

IRTYP(lREP): The Mulliken symbol (approximately) for the represen ta ­
tion IREP. 

I R P A R ( I R E P ) : The parity symbol (g or u) for the representat ion IREP. 

lODD: Equals 1 if a center of inversion is present , 0 otherwise. 

IRLOWL(IREP): Low -t-value spanning the representation IREP. Set = -1 
if no low -t-value spans the representation. 

e. Block/OUT4/. Information about the finite point-group 
vector-coupling coefficients. 

VCCOEF(IVSUB): The normalized, unsymmetrized vector-coupling coeffi­
cient indexed by IVSUB. 

IVCCB(IDPR,IR3): The index of the coefficient block referr ing to IDPR = 
IR2 + IRl • (IRI - l) /2 and IR3, where LR2 <: IRl . If I V C C B ( I D P R , I R 3 ) = 0, 
IR3 is not contained in the direct product of IRl x IR2. 

I F V C C ( I V C B ) : The address of the first coefficient in VCCOEF of the coef­
ficient m VCCOEF of the coefficient block IVCB. 

^- Blocks Containing Information Internal to the P rogram 

a. Block/CONTRL/. Control pa ramete rs and thresholds. 

CRTZRO: The zero threshold. A quantity A is set to zero if IAI S C R T Z R O 
Default is 10"'. 

CRTDEG: The degeneracy cr i ter ion. A and B are considered degenerate if 
CRTDEG < A/B < (CRTDEG)"'. Default is 1.00000001. 
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ISTOP: Abnormal-termination flag. If program detects an e r ro r and r e ­
tains control, ISTOP is set to 1. 

INTER: Intermediate-printout flag. If INTER = 1, many intermediate r e ­
sults a re printed out for diagnostic purposes. 

LFLOW(l): If LFLOW(l) = 1, the Ith major program segment is executed. 
See input description (Sec IV.A below) for details . 

b. Block/PROTCO/. Information about the prototype functions 
spanning the irreducible representations of the group. 

C O P R O ( I S U B ) : The transformation coefficient indexed by ISUB; coefficients 
are packed columnwise into COPRO. 

E V P ( I E V ) : The eigenvalue associated with the lEVth transformation vector; 
used only in output to show members of a degenerate set. 

I R E P L ( I ) : The irreducible representation index assigned to the Ith eigen­
vector (or set of degenerate eigenvectors). 

N E V A L P ( I P A R ) : The number of distinct eigenvalues in the set of prototype 
functions of parity IPAR (= 1 for g, 2 for u). 

c. Block/GIRD/. Information about the points making up the 
domain of the totally symmetr ic operator P . 

R G R I D ( I A , I G R I D ) : The radial distance of points about atom IA and belonging 
to grid IGRID, from the origin. 

C T H G R ( I N D ) : The cosine of the S-coordinate of grid point IND, as measured 
from the mas te r axis system. 

P H I G R ( I N D ) : The tp-coordinate of grid point IND. 

NGRID: The total number of points in each grid. 

NDIV: The number of equally spaced points on each circle comprising the 
grid. 

d. Block/XYZ/. Further information about the grid points. 

XG(IND), YG(IND), Z G ( I N D ) : The Cartesian coordinates of grid point IND 
in the mas te r coordinate system. 

X ( I A ) , Y ( I A ) , Z ( I A ) : The Cartesian coordinates of atoms IA in the mas te r 
coordinate system. (These a re identical with POS(l,IA), I = 1,2, 3.) 

e. Block/WORKl/. A work area for use within major seg­
ments of the program. Content va r i e s , but variables most frequently oc­
curr ing a r e : 
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RES(I,J): A matrix containing the matr ix elements of P over one or two 
sets of functions. 

EV(l) or VALU(I): The Ith eigenvalue resulting from the diagonaUzation of 
RES. 

C(I,J): The eigenvector coefficients that diagonalize RES. 

B(l,j): A scratch a r ray , same size as RES or C. 

N D E G ( K ) : The degeneracy of the Kth distinct eigenvalue of RES. 

NEVAL: The number of distinct eigenvalues of RES. 

I R E P L B ( K ) : The irreducible representation index assigned to the Kth set 
of eigenvectors. 

LABEL, INDEX: Hollerith and integer a r rays used to label rows of 
matr ices printed out. 

f. Block/PHASE/. Control variables for phasing of proto­
type functions. 

I F L G G ( I ) (or I F L A G ( I ) ) : Flag set to 1 if representation I has been phased 
properly. 

IPHASE: Control flag determining which functions are phased against which 
in subroutine LINEUP. 

g. Block / A L P / . Parameter communication among routines 
PSYM, THLMK, AND THETAX. 

RCR: Reciprocal of distance of current grid point from origin. SQ20R: 

R C R / / ! . 

W (or X ) : (COS 9) of current grid point. 

Y: (Sin 6) of current grid point. 

LC(or L): -t-value of current set of spherical harmonics . 

h. B1 ock/uNGRAD/. Information about Am transformation 
vector (if any). 

CAU(l): Ith coefficient in Anj transformation vector. 

LODD: -t-value spanning the A ^ representation. 

LODEG: 2 • LODD + 1. 

i- Block/WIGNER/. 3-j symbols for set of -t-values. 

S3J(MSUB1, M3P1): 3-j symbol f ^ ^ ^' V where -t' is even, MSUBl = 
I , , \ m i m 2 - m 3 / 
|m2-mi | /2 + 1, M3P1 = m3 + 1, and mj a 0, mi 2 \..:. 
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Z 3 J ( M S U B 1 , M3P1): 3-j symbol as above, except -t' is odd. 

j . Block/wORK2/. Communication among routines ORBTLS, 
BASFUN, and VALUE. 

[^Cartesian coordinates of current grid point in an atom-centered 
„ . ^ „ ( sys t em. ZP or Z J 

R P or R: Distance of current grid point from current atom. 

JSUB or ISUB: Index of last function before set on current atom. 

LDEG: 2 • L + 1, where L is the -t-value of the current set of basis 
functions. 

NUMB: The number of atoms in the current atom-type. 

IT: The index of the current atom-type. 

k. B lock /ALPl / Information that is invariant from molecule 
to molecule. 

THETAC(ISUB): The coefficient C.(,jnj. for which ISUB equals 8m + 
4-t(-t+ 1) + r + 1. 

F A C T ( N ) : The value of ( N - 1);. 

1. Block/FILES/ . Data-set reference numbers . 

INPUT: The logical unit number for input; usually = 5. 

lOUT: The logical unit number for output; usually = 6. 

m. Block/ASYMl/. Pa ramete r communication between sub­
routines PROSYM and ANTSYM. 

LA or L: The even -t-value used to form the odd--t set of spherical har ­
monics. LA = max(2, J^e^gn "*" ^)-

MGRID or NGRID: The total number of points in a grid. 

L3P1: Lodd+ 1-

LAPl or L P l : LA + 1. 

LADEG or LL: 2 • LA + 1. 

n. Block/SCANl/ . Communication between subroutines 
CLEAN and SCAW. 

I F L A G ( K ) : A flag indicating that the Kth component of the column vector 
has already been examined I F L A G ( K ) = 1. 
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N S C ( I C ) : The number of coefficients in the vector having the ICth distinct 
numerical absolute value. 

SAMEC(IC): The value of the ICth distinct numerical magnitude in the 

vector. 

JM: The index of the particular eigenvector being examined. 

IC: The number of distinct numerical values counted in the vector. 

IV. INSTRUCTIONS FOR USE 

A. Description of Input 

The following discussion applies to the IBM 36o/75 version of the 
program, using the NAMELIST capability of IBM FORTRAN IV. Since the 
input is so brief and is handled entirely in subroutines MOLCUL and INBAS, 
the user who does not have the NAMELIST capability available will find it 
simple to write his own input format. The input is in three logical 
components: 

Component Al . Problem identification and control pa rame te r s . 
The parameter card (or cards) is in NAMELIST format (see IBM OS/360 
Manual C28-6515, "FORTRAN IV Language," for details), and the name of 
the list is PARAMS. Only those parameters for which the default option is 
not used need be specified. 

Component A2. Cartesian coordinates of atoms and their chemical 
symbols. In NAMELIST format, with the list ATOM. Default options a re 
provided. Each atom requires at least one card. 

Component A3. Atomic basis function pa rame te r s . (Optional; used 
only if LFLOW(4) = 9.) In standard A, I, or F formats . 

Table III gives a detailed description of the variable l ists and their 
formats; Figs. 13 and 14 show typical input decks with and without use r -
supplied basis se ts , respectively. 

B. Built-in Basis Sets 

A feature that was felt to be part icularly useful in facilitating the 
use of the program is the prestoring of several standard, optimized atomic 
basis sets for each of a wide range of elements . This was done because in 
a large, multicenter calculation, complete optimization of the basis set will 
probably not be feasible and the "best atom" sets from the l i tera ture a re 
likely to be taken as the starting point. Two sets have been implemented: 
a minimal, valence-shell basis set for elements hydrogen through xenon. 
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and a double-zeta set for elements hydrogen through krypton. Tables IV 
and V show the two types of basis sets we have stored, and give l i terature 
references . 

Since the user may have his own input scheme for basis function 
pa rame te r s , the input or assignment routine is made completely separate 
from the generation of c ross - re fe rence tables needed for the symmetry-
adaptation bookkeeping. Thus the input routine, INBAS, may be replaced by 
the u s e r ' s own module, as long as the a r rays ( N B A S T , C R C H R G , N V A L U E , 
LVALUE, ZETA, and BCOEF) a re properly filled and transmitted through 
COMMON/OUTB/. 

TABLE III. Description of Inpul Deck 

Description and Format 

NATOMS 

CRTZRO 

CRTDEG 

CRHYP 

NTCHEK 

INTER 

SCALE 

NDIV 

LFLOW(IO) 

2.1 to 2.NAT0MS 

3.1 

3.2 

3.3 to 3.NBIB+2 

3.NBIB*3 to 3.NBI6*? NBVB 

ELMNT 

X, Y. Z 

XOP. YOP. 20P 

FX, FY. FZ 

NASBIITI 

ICRK(IT) 

LVB 

NBIB 

NBVB 

NVALUE 

ZETA 

IBCTIII, I - l , NB 

Component A l . Job I.D. and Control 

Problem identification (19A4.A31. 

New-case Mag: An asterisk (•) in column 80, Jot) terminates if a slash I/) is encountered ii 
column 8D. 

Parameters in NAMELIST formal (namelist name - PARAMS). 

Number ol atoms in the molecule. 

Zero threshold. 

Degeneracy criterion. 

Atom-type criterion: Two atoms of the same element are put into Ihe same alom-type when 

jR, - R j t < CfinYP. 

The anticipated number of atom-types; used as a check on the input. 

Intermediate printout flag: • 1 it desired, 0 otherwise. 

Factor by which all Cartesian coordinates are multiplied. 

Number of equally spaced points on each grid circle. 

Logical (low control array. A M ' in the appropriate element means that branch is taken. 

LFLOWU): Symmetry-adapted atomic basis set. 

LFLOWiZ): Vibration-rotation symmetry analysis (not yet implemented). 

LFL0W)3): Finite point-group vector-coupling coefficients. 

LFL0W(4I: Choice ol atomic basis set. * 

Stored, minimal valence-shell Slater basis. 

Stored double-2ela Slater basis. 

Basis set read in by user. 

LFLOWt5)-LfLOW(10l: Available for further logic control 

Component AZ. Atomic Coordinates 

Each coordinate is expressed internally in the form 

X • XOPtFXI. 

Parameters in NAMELIST format (namelist name • ATOMI. 

The chemical symbol for the elemef>t (e.g., 'FE'l. 

The Cartesian coordinates, which may or may not be modified by operators. 

Operations, including 'SIN', 'COS', ' 1 / ' , 'SQRr. ' • Ino operation U'SIN' or 'COS' is used, 

operand must be in degrees. 

The operands of XOP, YOP, and ZOP, 

Component A3. Basis-set Input 

The number of atomic symmetry blocks for atom-type IT, 

The number of "core" electrons (ZI5I, 

The /-value of functions In the symmetry block. 

The number of sets of ( n ,0 values in the block. 

The number of basis vectors formed from the primitive functions. I< NBIB) (3(51. 

The principal quantum number of the functions. 

The orbital exponent. |One set to a card, (15, F10.5)]. 

The basis-vector coefficients. 

lEach vector begins a new card, (8F10.8)|. 

Repeat from card 3.2 for each atomic symmetry block in atom-type IT. 

Repeat from card 3.1 for each atom-type IT. 

None 

None 

l.OODOOOOl 

1.0 X 10-5 
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STAGGfcKfcU ETHANE - tXTiNDED BASIS ^ET 
SPARAMS N4Tl]>1S^8.NTCHFK=2,LFLO«l( 3I=0,LFL1W('VI = 9 CENO 
EATQ^ ELMNT='C'tZ=l. £END 

' CATOM ELilNTi'H' ,Y = 2. ,Z = 2 . EENO 
tA_TOM EL'<NT='H',X=1. ,XDP='SQST' ,FX = 3. .Y = -l. ,Z = 2. EENU 

" tATOM tLMNT='H',X=-l.,XDP='SJKT',FX=3.,Y=-1.,Z=2. SEND 

SATOM FLMNT-T',Z=-1 • F-FNO 
SATG'1 tLMiMT= " H ' , Y = - 2 . ,Z = - 2 . CENO 
CATOM f L ' ' N r = ' H ' ,X= 1 . , X O P = ' S 0 K T ' , F X = 3 . , Y = l . i Z = - 2 . CtNO 
KATOM FLMNT="H' ,X = - 1 . ,XOP='SORT' , F X = 1 . , Y = 1 . , Z = - 2 . (.END 

2 0 
0 * 2 
I 9 . 1 5 3 
1 5.382 
2 1.'.28 
3 3 .0 76 

O.Udlo? 0.92(00 -O.OUO*'^ 0.00373 
-O.OO'iO'. -̂ '.22226 0.77062 0.26111 

I 3 1 
2 5 . 1 •"> 2 
2 2.177 
2 1. 151, 

0.02472 0.39516 
I 0 
0 1 I 
I 1.000 

.000 

Fig. 13. Example of Input Deck Including a Basis Set Supplied by the User 

ICOSHED^AL B I 1 2 I SKELtTDN 
CPAPAMS NAT:.)MS=12, L FL 3iJ I ' . l =2 , ( N T t R = l CENO 

._eAL0'1_ELM\IT='B', Z = 1 . 0 , ZnP='SiJRT>, F 2 = 1 . 2 5 (.eNin 
£AT0.1 bLMNT='a" , Y = 1 . 0 , Z=0 .5 tENO 

_ 5Alg_M FL«<NT = ' r t ' ,X= 1 . 0 , X 0 P = ' S 1 N ' ,FX= 7 2 . 0 , Y = l . 0 , Y3P= • COS • , FY= 7 2 . 0 , Z = 0 . 5 CEMO 
r.ATOM tL1MT = 'B> ,X= 1 . 0 , X'JP= ' S IN • , F X= 1 <,* . 0 , Y = l . 0 , YDP=-COS ' , F Y= 14<.. 0 , Z = 0 . 5 l.tMD 
LArif^ FL'<'II = ' J ' , X = - 1 . 0 , X 0 P = ' S 1 N ' . F X ^ 1 4 ' , . 0 , Y= 1 .0 , YOP= • COS • , FY= 1 4 4 . 0 , Z =0 • 5 ilENJ 
r.ATO^ E L M N T = M ' , X = - 1 . 0 , X ' ] P = ' S I M " , F X = 7 2 . 0 , Y= 1 . 0 , Y3P= • CDS' , F Y= 7 2 . 0 , Z = 0 . 5 t t ' O 
(.ATOM ELMNT = ' 0 ' , Y = - 1 . 0 , Z = - 0 . 5 CENO 
EATOM hLMNT=>8' , X=-1 . 0 , XOP= • S I N" ,FX = 1 0 8 . 0 , Y = 1 . 0 , Y Q P = ' C O S ' , F Y = 1 0 8 . C , Z = - . 5 e.^\J 
tATOM FLMNT=>B',X = - 1 . 0 , X 1 1 P = ' S I N ' , F X = 36 . 0 , Y= 1 . 0 , YUP= • COS- , F Y= 3 6 . 0 , Z = - . 5 EEN:1 
r.ATQM H .MNT= 'B ' ,X= 1 . 0 , XDP= • S I N« ,F X= 3 6 . 0 , Y= 1 . 0 , Y3P= • COS • , FY= 3 6 . 0 , Z = - . 5 tbND 
EATOM 6LM-,;T = ' B ' , X = 1 . 0 . X P P = ' S I N ' , F X = 1 0 8 . 0 , Y = 1 . 0 , Y 3 P c . c a s ' . F Y ^ 1 0 8 . 0 . ; ^ - . 5 EEND 
EATHM t L M N T = ' B ' , Z = - 1 . 0 , ZriP= • SJ< T • , F Z= 1 . 25 EENIJ ' 

Fig. 14. Example of Input Deck with Basis Set Selected by the Program 
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TABLE IV. Prestored Minimal Valence-shell Atomic Basis Set 

Element 

H 
He 
Li 
Be 
B 

C 

N 

O 

F 

Ne 

Na 
Mg 
Al 

Si 

P 

s 
Cl 

A r 

K 
Ca 
Sc 

T i 

V 

Cr 

Mn 

F e 

Co 

Ni 

Cu 

Zn 

Ga 

n 

1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 
3 
4 

i 

S 

s 
S 

s 
s 
p 

s 
p 

s 
p 
S 
p 
S 
p 

s 
p 

s 
s 
s 
p 
S 
p 

s 
p 

s 
p 

s 
p 

s 
p 
S 

s 
s 
D 

s 
D 

s 
D 
S 
D 
S 
D 
S 
D 
5 
D 
S 
D 
S 
D 
S 
D 
S 
D 
P 

c 
1.0000 
1.6875 
0.640 
0.956 
1.288 
1.211 
1.623 
1.487 
1.924 
1.917 
2.246 
2.227 
2.564 
2.550 
2.879 
2.879 
0.8358 
1.1025 
1.3724 
1.3552 
1.6344 
1.4284 
1.8806 
1.6288 
2.1223 
1.8273 
2.3561 
2.0387 
2.5856 
2.2547 
0.8738 
1.0995 
1.1581 
2.3733 
1.2042 
2.7138 
1.2453 
2.9943 
1.2833 
3.2522 
1.3208 
3.5094 
1.3585 
3.7266 
1.3941 
3.9518 
1.4277 
4.1765 
1.4606 
4.4002 
1.4913 
4.6261 
1.7667 
5.0311 
1.5554 

Element 

Ge 

As 

Se 

B r 

K r 

Rb 
Sr 
Y 

Z r 

Nb 

Mo 

Tc 

Ru 

Rh 

P d 

Jig 

Cd 

In 

Sn 

Sb 

T e 

I 

Xe 

n 

4 
3 
4 
4 
3 
4 
4 
3 
4 
4 
3 
4 
4 
3 
4 
5 
5 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
4 
5 
5 
4 
5 
5 
4 
5 
5 
4 
5 
5 
4 
5 
5 
4 
5 

<, 

S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
S 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
D 
P 
S 
D 
P 

c 
2.0109 
5.4171 
1.6951 
2.2360 
5.7928 
1.8623 
2.4394 
6.1590 
2.0718 
2.6382 
6.5197 
2.2570 
2.8289 
6.8753 
2.4423 
0.9969 
1.2141 
1.2512 
3.9896 
1.2891 
3.2679 
1.3392 
3.0796 
1.3952 
3.1110 
1.4453 
3.2205 
1.4905 
3.3470 
1.5286 
3.4937 
1.5675 
3.6476 
1.6057 
3.8064 
1.6384 
3.9692 
1.9023 
4.2354 
1.6940 
2.1257 
4.4925 
1.8204 
2.3222 
4.7436 
1.9989 
2.5076 
4.9900 
2.1617 
2.6807 
5.2335 
2.3223 
2.8436 
5.4733 
2.4849 

References: 
H-Ne: P. Bagus and T. L. Gilbert, unpublished work. 
Na-Xe: E. Clementi et al . . J . Chem. Phys. 3̂ 8. 2686 (1963); J . Chem. Phys. 47, 

1300 (1967). 
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TABLE V. Examples of Double-zeta Slater Basis Sets 

SCF Coefficients 

C4 

Kr 

2 
2 
3 
3 
4 
4 

2 
2 
3 
3 
4 
4 

3 
3 

_F 

1 
2 
2 

2 
2 

0 
0 
0 
0 
0 
0 
0 
0 

2 
2 

0 
0 
0 

1 
1 

28.9410 
37,8590 
15.5500 
18.8680 
6.5065 
8.3700 
2.4358 
4.0461 

15.4600 
29.2240 
8.1315 
6.0579 
1.8095 
3.2184 

5.1816 
10.3260 

8.3660 
10.8850 
2.6270 

4.1800 
1.8480 

0.30191 
0.71223 
0.02495 
-0.03566 
0.00393 
-0.00544 
0.00025 
-0.00075 

0.93533 
0.05118 
0.07231 
-0.03686 
-0.00221 
0.00572 

0.70696 
0.37915 

1.06848 
-0.07301 

0.00379 

0.35507 
0.72760 

-0.47092 
0.02751 
1.38570 

-0.27267 
-0.03026 
0.06030 
-0.00133 
0.00422 

-0.42145 
-0.01096 
0.44406 
0.64246 
-0.00943 

0.00309 

-0.24322 
-0.02281 
1.03628 

0.18287 

-0.00684 
-0.96946 
0.36941 
0.73304 
0.41654 
-0.00322 

0.02389 

0.11673 
0.00227 

-0.14806 
-0.18834 
0.57945 
0.54963 

-0.06059 

0.00387 
0.31961 
-0.12187 
-0.37484 
-0.10581 
0.70702 
0.45131 

References: 
He, Na-Ar: Clementi et al., J, Chem. Phys. 40, 1944 (1964). 
Li-Ne: Bagus and Gilbert, unpublished work. 
K-Kr: Clementi et al. . J. Chem. Phys. 47̂ , 1865 (1967). 

C. Sample Input and Program Output 

Table VI summarizes the input and output for the program. Fig­
ures 13-15 show input decks and sample output. 

TABLE VI. Summary of Input and Output for the Computer Program as Currently Implemented 

Input 
Chemical symbols and Cartesian coordinates of atoms 
Parameters describing basis set (either read in or selected from the tables stored in program) 
Control parameters (or use of default options) 

utput 
Characterization of all symmetry species in point group 
Identification of point group 
Set of symmetry-adapted prototype functions 
Transformation coefficients for converting atomic basis set to synnnnetry-adapted set 
Labels and degeneracies for symmetry species spanned by basis set 
Internal bookkeeping information 
Selection rules for direct products of representations 
Finite point-group vector-coupling coefficients 
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D. Table Limits and E r r o r Messages 

The following are the limits of various variables according to the 
current implementation of the program: 

No. of atoms S30 

Total No. of basis functions Sl20 

No. of atom-types SIO 

No. of transformation blocks S50 

Maximum matr ix size S50 x 50 

No. of irreducible representat ions S14 

No. of •t-values per atom-type S5 

No. of basis vector coefficients S500 

No. of symmetry transformation coefficients S3000 

-t-value of basis function £4 

No. of points per grid ^720 

-t-value of prototype functions Sl6 

Due principally to the large mat r ices provided for, the program requires 
roughly 388K bytes of core storage without overlays. If space is a consid­
eration, of course , the mat r ix sizes can be reduced. 

Several e r ro r messages , whose content should be self-explanatory, 
are included in the program for debugging purposes and should not a r i se 
under normal operation, unless a mistake has been made in the input. See 
the program listings for the specific messages . 



« * « * OPTHEORY - 4UT0M4TED HOLECULSP POINT GROUP THEORY 
THOMAS D. BQUMSN 4N0 GORDON L . GOODMAN 

CHEMISTRY D I V I S I O N , ARGONNE NATIONAL LABORATORY 
ARGONNE, I L L I N O I S 6 0 4 3 9 

PROBLEM T I T L E — KRYPTON HEXAFLUORIDE, DOUBLE-ZETA BASIS SET 

INPUT DESCRIPTION OF MOLECULE 

NUMBER OF ATOMS = 7 
ASSUMED NO. OF EQUIVALENT SETS (ATOM TYPES! = 2 

CARTESIAN COORDINATES ( I N FORM X = A * F U N C ( B I I 

ATOM 
NUMBER 

1 
2 
3 
4 
5 
6 
7 

CHEMICAL 
SYMBOL 

KR 
F 
F 
F 
F 
F 
F 

A 

0.0 
I.0000 
0.0 
0.0 

-I.0000 
0.0 
0.0 

X 
FUNC 

1. 
Ic 
1. 
1. 
1, 
1 
1, 

B 

.000 

.000 

.000 
,000 
.000 
.000 
.000 

A 

0.0 
0.0 
I.0000 
0.0 
0.0 

-I.0000 
0.0 

Y 
FUNC B 

1.000 
I.000 
I. 000 
I. 000 
I.000 
1.000 
1.000 

0, 
0. 
0. 
1, 
0. 
0. 

-1. 

A 

.0 

.0 

.0 
,0000 
,0 
.0 
.0000 

z 
FUNC B 

I.000 
1.000 
1.000 
I.000 
1.000 
l.ODO 
1.000 

THRESHOLDS AND CONTRCL PARAMETERS 

ZERO THRESHOLD = 1 . 0 0 0 - 0 8 
DEGENERACY TEST ( R A T I O OF EIGENVALUES) = 1 . 0 0 0 0 0 0 0 1 
ATOM EQUIVALENCE THRESHOLD = 1 . 0 0 0 - 0 5 
NO. OF GRID POINTS PER ATOM = 24 
SCALE FACTOR MULT IPLY ING COORDINATES = 1 0 . 0 0 0 0 0 
PROGRAM OPTIONS SELECTED -

POINT GROUP PROPERTIES 
SYMMETRY-ADAPTED ATOMIC B A S I S SET 

DOUBLE-ZETA SLATER BASIS 
V IBRAT ION-ROTAT ION SYMMETRY 
VECTOR-COUPLING COEFFICIENTS 

Fig. 15. Sample Output from the Program for an Octahedral KrFe Molecule, quantized about the Fourfold Axis 



LECULAR GEOMETRY ANALYSIS 

ATOM 
NUMBER 

1 

2 

3 

* 
5 

6 

7 

ATCI 
NUMBER 

1 

2 

3 

4 

5 

'6 

7 

CHEMICAL 
SYMBOL 

KR 

F 

F 

F 

F 

F 

F 

CHEMICAL 
SYMBOL 

KR 

F 

F 

F 

F 

F 

F 

ATOMIC 
NUMBER ( 2 1 

36 

9 

9 

9 

9 

9 

9 

ATOMIC 
NUMBER ( Z ) 

36 

9 

9 

9 

9 

9 

9 

CARTESIAN COORDINATES IN CENTER OF CHARGE SYSTEM 
X Y Z 

0.0 

l.OOCCOOOO 

0.0 

0.0 

-1.00000000 

0.0 

0.0 

0.0 

0.0 

l.OOOOODOO 

0.0 

0.0 

-1.00000000 

0.0 

0 . 0 

0 . 0 

0 . 0 

1 .00000000 

0 . 0 

0 . 0 

-l.OOOOOOOO 

SPHERICAL COORDINATES I N CENTER OF CHARGE SYSTEM 

0 . 0 

1 .00000000 

1 .00000000 

l.OOOOOOOO 

l.OOOOOOOO 

l.OOOOOOOO 

1 .00000000 

THETA 

0 . 0 

1 . 5 7 0 7 9 6 3 3 

1 . 5 7 0 7 9 6 3 3 

0 . 0 

1.57079633 

1.57079633 

3.14159265 

PHI 

0.0 

0.0 

1.57079633 

0.0 

3.14159265 

4.71238S93 

0.0 

THE PROGRAM DISTINGUISHES 2 ATOM TYPES, AS FOLLOWS... 

ATOM-TYPE 
INDEX 

1 

2 

CHEMICAL 
SYMBOL 

KR 

F 

NO. OF 
ATOMS 

1 

6 

NUCLEAR 
CHARGE 

36 

9 

CENTER OF INVERSION - YES 

UPPER : LOADING INDICES OF THE ATOMS IN THIS ATOM-TYPE 
LOWER : RUNNING INDICES WITHIN THE ATOM-TYPE 

Fig. IS (Contd.) 



SUMMARY OF POINT GROUP PSOPfRTIES 

NO. OF IRREDUCIBLE REPRESENTATIONS = 10 
COMPLEX-CONJUGATE PAIRS OF I.R.S. - NO 
ORDER OF THE GROUP = if 
THE POINT GROUP FOR THIS NUCLEAR CONFIGURATION IS 0(HI 
L VALUES OF REAL SPHERICAL HARMONICS USED TO SPAN ALL THE I . R . S IN THIS GROUP 

REPRESENTATION 
INDEX 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

DEGENERACY 

1 
1 
2 
3 
3 
1 
1 
2 
3 
3 

SPECIES 
LABEL 

A,S(GI 
A,S(G) 

EIG) 
T(G) 
T(G) 

A,B(U) 
A,8(U1 

E(U1 
T(UI 
TIUl 

PHASE 
STANDARD 

L 
(L 
L 
L 
(L 
(L 
L 
IL 
(L 
L 

= 
= 
= 
= 
= 
= 
= 
= 
= 

0 
31 
2 
2 
1) 
01 
3 
21 
21 
I 

fNGULAP 
QUANTUM 

I 
2 
3 
5 
8 

11 
12 
13 
15 
19 

^ 6 
9 

I'. 
16 
19 

NUMBERS 

7 
10 

17 
20 

ATOMIC BASIS SET AND SYMMETRY ADAPTATION 

TRANSFORMATION BLOCK 1 

.•TCM-TYPE 1 . S FUNCTIONS FOR ELEMENT KR 

iOTAL OF I B A S I S FUNCTIONS FOR EACH BASIS INDEX 

:ILCCK OF SYMMETRY IRANSFORMATI CN COEFFICIENTS STARTS AT LOCATION 1 OF ASCOEF 

lASIS 
INDEX 

1 
2 
3 
4 
5 
6 
7 
8 

TRANSF, 
INDEX 

1 
2 
3 
4 
5 
6 
7 

e 

QUANTUM NUMBERS 
N 

1 
1 
2 
2 
3 
3 
4 
4 

ZETA 

23.9410 
37.8590 
15.5500 
18.8680 
6.5C65 
8.3700 
2.4358 
4.0461 

BASIS VECTORS 
C( 11 

0.30191 
0.71223 
0.02495 

-0.03566 
0.00393 

-0.00544 
0.00025 

-0.00075 

C( 21 

-0.47092 
0.02751 
1.38570 

-0.27267 
-0.03026 
0.06030 

-0.00133 
0.00422 

C( 31 

0.18287 
-0.00684 
-0.96946 
0.36941 
0.73304 
0.41654 

-0.00322 
0.02389 

C( 41 

-0.06C59 
0.C0387 
0.31961 

-0.12187 
-0.37484 
-0.1C581 
0.70702 
0.45131 Fig. 15 (Contd.) 



TRANSFORMATION BLOCK 2 

ATOM-TYPE 1 , P FUNCTIONS FOR ELEMENT KR 

TOTAL OF 3 B A S I S FUNCTIONS FOR EACH BASIS INDEX 

BLOCK OF SYMMETRY TRANSFORMATION COEFFIC IENTS STARTS AT LOCATION 

BASIS TRANSF. QUANTUM NUMBERS 
INDEX INDEX N ZETA 

BASIS VECTORS 
C( 11 C( 21 C( 31 

2 OF ASCOEF 

9 
10 
1 1 
12 
13 
14 

9 
10 
11 
12 
13 
14 

2 
2 
3 
3 
4 
4 

1 5 . 4 6 0 0 
2 9 . 2 2 4 0 

8 . 1 3 1 5 
6 . 0 5 7 9 
1 . 8 0 9 5 
3 . 2 1 6 4 

0 . 9 3 5 3 3 
0 . 0 5 1 1 8 
0 . 0 7 2 3 1 

- 0 . 0 3 6 8 6 
- 0 . 0 0 2 2 1 

0 . 0 0 5 7 2 

- 0 . 4 2 1 4 5 
- 0 . 0 1 0 9 6 

0 . 4 4 4 0 6 
0 . 6 4 2 4 6 

- 0 . 0 0 9 4 3 
0 . 0 0 3 0 9 

0 . 1 1 6 7 3 
0 . 0 0 2 2 7 

- 0 . 1 4 8 0 6 
- 0 . 1 8 3 3 4 

0 . 5 7 9 4 5 
0 . 5 4 9 6 3 

TRANSFORMATION BLOCK 3 

ATOM-TYPE 1 , 0 FUNCTIONS FOR ELEMENT KR 

TOTAL OF 5 8 A S I S FUNCTIONS FOR EACH BASIS INDEX 

BLOCK OF SYMMETRY TRANSFORMATION COEFFIC IENTS STARTS AT LOCATION 1 1 OF ASCOEF 

B A S I S TRANSF. QUANTUM NUMBERS BASIS VECTORS 
INDEX INDEX N ZETA C( I ) 

15 
16 

15 
16 

3 
3 

5 . 1 8 1 6 
1 0 . 3 2 6 0 

0 . 7 0 6 9 6 
0 . 3 7 9 1 5 

TRANSFORMATION BLOCK 4 

ATCM-TYPE 2 , S FUNCTIONS FOR ELEMENT F 

TOTAL OF 6 B A S I S FUNCTIONS FOR EACH BASIS INDEX 

BLOCK OF SYMMETRY TRANSFORMATICN COEFFICIENTS STARTS AT LOCATION 

B A S I S TRANSF. QUANTUf NUMBERS 
INDEX INDEX N ZETA 

BASIS VECTORS 
C( 1) C( 21 

36 OF ASCOEF 

1 17 
2 18 
3 19 

1 8 . 3 6 6 0 
2 10.8850 
2 2.6270 

1.06848 -0 .24322 
-0 .07301 -0 .02281 

0.00379 1.03623 
Fig. 15 (Contd.) 



TRANSFORMATION BLOCK 5 

ATCM-TYPE 2 , P FUNCTIONS FOR ELEMENT F 

TOTAL OF 18 BASIS FUNCTIONS FOP EACH BASIS INDEX 

BLOCK OF SYMMETRY TRANSFCRMATICN COEFFICIENTS STARTS AT LOCATION 72 OF ASCOEF 

BASIS TRANSF. QUANTUM NUMBERS 
INDEX INDEX N ZETA 

BASIS VECTORS 
C ( I I 

20 
21 

4 . i e c c 
1 .8460 

0 . 3 5 5 0 7 
0 . 7 2 7 6 0 

F I N A L SYMMETRY VECTORS FOR ATOM-TYPE 1 , L = 0 

COLUMNS I TO 1 

EIGENVALUES 

2 . 1 7 5 9 4 4 0 3 I 8 P 02 

EIGENVECTORS 

S ( I I l.OOCCOOOOOOD 00 

ANGULAR QUANTUM NUMBER ASSIGNED TO EACH SYMMETRY VECTOR 

F I N A L SYMMETRY VECTORS FOP ATOM-TYPE 1 , L = 1 

LUMNS 1 TO 3 

GENVALUES 

5 . 9 0 0 4 3 2 5 6 9 6 D 0 1 5 . 9 0 0 4 3 2 5 6 9 6 0 0 1 5 . 9 0 0 4 3 2 5 6 9 6 0 0 1 

GENVECTORS 

Z ( 11 l.OOCCOOOOOOD 00 0 . 0 0 . 0 

Y ( 11 0 . 0 l.OCOOOOOOOOO 00 0 . 0 

X ( 11 0 . 0 0 . 0 1 .00000000000 00 

GULAR QUANTUM NUMBER ASSIGNED TO EACH SYMMETRY VECTOR 

18 19 20 Fig. 15 (Contd.) 



F I N A L SYMMETRY VECTORS FOR ATOM-TYPE 1 , L = 2 

;OLUHNS 1 TO 5 

EIGENVALUES 

1 . 0 7 3 9 8 3 4 9 1 7 0 02 1 . 0 7 3 9 8 3 4 9 1 7 D 0 2 9 . 3 2 5 6 B 2 7 8 9 6 0 - O I 9 . 3 2 5 6 8 2 7 8 9 6 0 - 0 1 9 . 3 2 5 6 8 2 7 8 9 6 0 - 0 1 

EIGENVECTORS 

3 Z 2 - 1 ( 11 

X2 

YZ ( 11 

XZ ( 11 

XV 1 1) 

-Y2 ( 11 

l.OOCOOOOOOCO 00 0 . 0 

0 . 0 0 . 0 

0 . 0 0 . 0 

0 . 0 0 . 0 

0.0 0 .0 0 .0 

1 .00000000000 00 0 . 0 o . n 

0 . 0 l.OOOOOOOOOOD 00 0 . 0 

0 . 0 0 . 0 1 .00^00000000 00 

0 . 0 l.OCOOOOOOOOO 00 0 . 0 0 . 0 0 . 0 

ANGULAR QUANTUM NUMBER ASSIGNED TO EACH SYMMETRY VECTOR 

3 4 5 6 7 

F I N A L SYMMETRY VECTORS FOR ATOM-TYPE 2 , L = 0 

COLUMNS 1 TO 6 

EIGENVALUES ' 

1 .40685306330 05 1 .28764295680 05 1 .28764295680 05 1 .30711485040 05 1 .3071148 5040 05 1 .3071148504D 05 

EIGENVECTORS 

S ( 11 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 - 2 . 8 8 6 7 5 1 3 4 5 9 0 - 0 1 5.C0O0COOO0OD-01 0 . 0 0 . 0 7 . 0 7 1 0 6 7 8 1 1 9 0 - 0 1 

S ( 21 4 . 0 8 2 4 8 2 9 0 4 6 D - 0 1 - 2 . 6 8 6 7 5 1 3 4 5 9 0 - 0 1 - 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 7 . 0 7 1 0 6 T 8 1 1 9 0 - 0 1 0 . 0 

S ( 31 4 . 0 8 2 4 8 2 9 0 4 6 D - 0 1 5 .7735026919D-01 0 . 0 7 . 0 7 1 0 6 7 8 1 1 9 0 - 0 1 0 . 0 0 . 0 

S ( 41 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 - 2 . 8 8 6 7 5 1 3 4 5 9 0 - 0 1 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 0 . 0 - 7 . 0 7 1 0 6 7 8 1 1 9 0 - 0 1 

S ( 51 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 - 2 . 8 8 6 7 5 1 3 4 5 9 0 - 0 1 -5.OOOOOOOOOOD-01 0 . 0 - 7 . 0 7 1 0 6 7 8 1 1 9 0 - 0 1 0 . 0 

S ( 61 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 5 .7735026919D-01 0 . 0 - 7 . 0 7 1 0 6 7 8 1 1 9 D - 0 1 0 . 0 0 . 0 

ANGULAR OUANTUM NUMBER ASSIGNED TO EACH SYMMETRY VECTOR 

1 3 4 18 19 2 0 
Fig. 15 (Contd.) 



F I N A L SYMMETRY VECTORS FOR ATOM-TYPE 2 , L = 1 

COLUMNS 1 TO 6 

EIGENVALUES 

2 .46743I3665D 03 1 .11948183790 03 1 .1196818379D 03 2 .355815C33ID 02 2 . 3 5^81503810 02 2.35581503B1D 02 

EIGENVECTORS 

z ( II 0.0 0.0 0.0 0.0 5.oocorooooon-oi o.o 

Y ( 11 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5.0C0OO0CO0CO-01 

X ( 11 - 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 2 . 9 8675134590-01 - 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 P-O 0 . 0 

Z ( 21 0 . 0 0 . 0 0 . 0 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 C O 0 . 0 

Y ( 21 - 4 . 0 3 2 4 8 2 9 0 4 6 D - 0 1 2 .8 8675134590-01 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 0 . 0 0 . 0 

X ( 21 0 . 0 0 . 0 0 . 0 . 0 . 0 0 . 0 5 .000000000CD-01 

Z I 31 - 4 . 0 6 2 4 8 2 9 0 4 6 D - 0 1 - 5 . 7 7 3 5 0 2 6 9 1 9 0 - 0 1 0 . 0 0 . 0 C O 0 . 0 

y ( 3) o .C 0 . 0 0 . 0 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 C O 0 . 0 

X I 31 0 . 0 0 . 0 0 . 0 0 . 0 5 . 9 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 

I ( 41 0 . 0 0 . 0 0 . 0 0 . 0 - 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 O.C 

Y ( 4 , 0 . 0 0 . 0 0 . 0 0 . 0 o . o -5 .00C0O000CC0-01 

X I 41 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 - 2 . 8 8675 134590-01 5.COOOCOOOOOD-OI 0 . 0 0 . 0 0 . 0 

I I 5) 0 . 0 0 . 0 0 . 0 - 5 . 0 0 0 0 0 0 0 0 n O D - 0 1 0 . 0 0 . 0 

Y ( 51 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 - 2 . 8 8675 134590-01 - 5 . 0 0 0 0 0 C 0 0 0 0 D - 0 1 0 . 0 0 . 0 0 . 0 

X ( 51 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 - 5 . 0 P 0 0 0 0 0 0 0 C 0 - 0 1 

Z ( 61 4 . 0 8 2 4 8 2 9 0 4 6 0 - 0 1 5 . 7 7 3 5 0 2 6 9 1 9 0 - 0 1 0 . 0 0 . 0 0 . 0 0 . 0 

Y ( 41 0 . 0 0 . 0 0 . 0 -5.C0OOOOOOOO0-01 C O 0 . 0 

X ( (,) 0 . 0 0 . 0 0 . 0 0 . 0 - 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 0 . 0 

Fig. 15 (Conld.) 



INAL SYMMETRY VECTORS FOP ATOM-TYPE 2 , L = 1 

LUMNS 7 TO 12 

GENVALUES 

2 . 2 1 9 6 7 6 6 4 2 3 0 02 2 . 2 1 9 6 7 6 6 4 2 3 0 0 2 2 . 2 1 9 6 7 6 ! > 4 2 3 D 02 2 .2532419478D 02 2 . 2 5 3 2 4 1 9 4 7 8 0 02 2 .2532419478D O; 

GENVECTORS 

Z ( 

Y ( 

X 1 

Z I 

Y 1 

X 1 

Z ( 

Y ( 

X 1 

Z 1 

Y ( 

X ( 

Z 1 

Y ( 

X I 

I 1 

Y 1 

X 

11 

11 

1 11 

[ 21 

[ 21 

1 2 1 

1 3 1 

; 31 

[ 31 

4 1 

[ 4 1 

[ 4 1 

: 5 1 

[ 5 ) 

1 5 1 

1 6 1 

1 6 1 

1 6 1 

0 . 0 

5 . 0 0 0 0 0 C O O O O D -

0 . 0 

0 . 0 

0 . 0 

- 5 . O 0 0 C 0 O O 0 0 C D -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

- 5 . 0 0 0 0 0 0 0 0 0 0 D -

0 . 0 

0 . 0 

O . C 

5.OOO0OO0OOOD-

0 . 0 

0 . 0 

0 . 0 

• 0 1 

• 0 1 

- 0 1 

- 0 1 

- 5 . 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

5 . 0 C O 3 O 0 0 0 0 0 0 -

5 . O C O O O 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

- 5 . O C O O O 0 0 0 0 0 0 -

• 0 1 

• 0 1 

- 0 1 

- 0 1 

0 . 0 

0 . 0 

0 . 0 

5 . C 0 0 0 0 0 0 0 0 0 D -

0 . 0 

0 . 0 

0 . 0 

- 5 . 0 0 O O 0 C 0 0 0 0 D -

0 . 0 

0 . 0 

o.fl 

0 . 0 

- 5 . 0 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

5 .00000000000-

0 . 0 

• 0 1 

- 0 1 

- 0 1 

- 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

C O 

-5.O0OO0O0OOOD-

0 . 0 

0 . 0 

5 .0000000000D-

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

- 5 . 0 0 0 0 0 0 0 0 0 0 D -

0 . 0 

C O 

5.0000000000D^ 

• 0 1 

• 0 1 

- 0 1 

- 0 1 

C O 

5 . 0 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

-5.00COOOOOOOO-

0 . 0 

0 . 0 

5 . 0 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

-s.oooocoooooo^ 

0 . 0 

• 0 1 

• 0 1 

• 0 1 

• 0 1 

- 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 

C O 

0 . 0 

5.0000OOO0OCD-0I 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

- 5 . 0 0 0 0 0 0 0 0 0 0 0 - 0 1 

0 . 0 

0 . 0 

5 .000000C000D-01 

0 . 0 

0 . 0 

C O 

0 . 0 

0 . 0 

Fig. 15 (Contd.) 



Ul 
00 

F I N A L SYMMETRY VECTORS FOP ATOM-TYPE 2 , L = 1 

COLUMNS 13 TO 18 

EIGENVALUES 

I . I962162381D 03 1 .19621623810 03 1 .1962I6233ID 03 2 .27001086590 02 2 .27001096590 02 2 . 2 7 0 0 1 0 8 6 5 9 0 02 

EIGENVECTORS 

Z 

Y 

X 

z 

Y 

X 1 

Z 1 

Y 1 

X ( 

I 1 

Y ( 

X ( 

Z ( 

Y ( 

X ( 

Z 1 

Y ( 

X ( 

( 11 

( 11 

( 11 

( 21 

( 21 

1 2 1 

1 31 

1 3 ) 

[ 31 

: 41 

[ 41 

4 ) 

51 

51 

5 ) 

: 61 

; 6 1 

61 

5 . 0 0 0 0 0 0 0 0 0 0 0 

0 . 0 

0 . 0 

5 . 0 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

O.C 

5 . 0 0 0 0 0 0 0 0 0 0 0 -

0 . 0 

0 . 0 

5 . 0 0 0 0 0 0 0 0 0 0 D -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

- 0 1 

- 0 1 

- 0 1 

- 0 1 

0 . 0 

5 . 0 0 300 00 0000 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

5.OCOOOC0OOOD-

0 . 0 

0 . 0 

5.OCOOO 0 0 0 0 0 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

5 .OCOOO000000-

0 . 0 

• 0 1 

• 0 1 

• 0 1 

• 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

5 . 0 0 0 0 0 0 0 0 0 0 0 ^ 

0 . 0 

0 . 0 

5 . C 0 0 0 0 0 C 0 0 0 D -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

5 . 0 0 0 0 0 0 0 0 0 0 D -

0 . 0 

0 . 0 

5 . 0 0 0 C 0 C 0 0 0 0 D -

•01 

- 0 1 

- 0 1 

- 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

7 . 0 7 1 0 6 7 8 1 1 9 0 -

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

7 . 0 7 1 0 6 7 8 1 1 9 D -

0 . 0 

C O 

01 

- 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

7 . 0 7 1 0 6 7 3 1 1 9 0 -

c o 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

7 . 0 7 1 0 6 7 S 1 1 9 0 

0 . 0 

C O 

0 . 0 

0 . 0 

0 1 

- 0 1 

0 . 0 

C O 

7 . 0 7 1 0 6 7 6 1 1 9 0 - 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

7 . 0 7 1 0 6 7 3 1 1 9 0 - 0 1 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 0 

IGULAR QUANTUM NUMBER ASSIGNED TO EACH SYMMETRY VECTOR 

1 3 4 5 6 7 6 9 10 15 16 17 

I . OF TIMES EACH REPRESENTATION OCCURS 

13 0 7 4 2 0 0 0 Fig. 15 (Contd.) 



L E C T I O N R U L E S F O R DIRECT PRODUCTS OF IRREDUCIBLE REPRESENTATIONS 

REP.l X REP.2 

AiBIGI A,B(G1 
1 2 

E(GI 
3 

T(GI T(G1 
4 5 

( A , B ( G I I X 1 ( A . e l G l I 1 0 0 0 0 

;( A , B ( G) I X 1 ( A , B ( G 1 I 0 I 0 0 0 

i ( A , B ( G ) I X 2 ( A , E ( G I I 1 0 0 0 0 

J ( E ( G 1 I X 1 ( A , B ( G I 1 0 0 1 0 0 

3 ( E ( G I I X 2 ( A , E ( G 1 I 0 0 - 1 0 0 

31 E I G I I X 3 ( E ( G I 1 1 - 1 1 0 0 

4 ( T ( G 1 I X 1 ( A , B ( G I 1 0 0 0 1 0 

4 ( T ( G I I X 2 ( A . B I G I 1 0 0 0 0 1 

4 ( T ( G I I X 3 ( E ( G I 1 0 0 0 1 I 

4 ( T ( G I ) X 4 ( T ( G I 1 1 0 1 1 - 1 

5 ( T I G ) I X 1 ( A , B ( G I 1 0 0 0 0 1 

5 ( T ( G I ) X 2 ( A , B ( G I 1 0 0 0 1 0 

5 ( T ( G I ) X 3 ( E I G ) ) 0 0 0 1 I 

51 T ( G ) I X 4 ( T ( G ) I 0 1 1 - 1 1 

5 ( T ( G I ) X 5 ( T ( G ) I 1 0 1 1 - 1 

VECTOR COUPLING COEFFICIENTS 

REPRESENTATIONS I X 1 — > 1 

IANG3 — > 

l A N G l IANG2 1 

1 1 l.OOCOOOOOO Fig. 15 (Contd.) 



REPRESENTATIONS 2 X 2 — > 1 

IANG3 — > 

lANGl IANG2 1 

2 2 l.OOCOOOOOO 

REPRESENTATIONS 3 X 3 — > 1 

IANG3 — > 

lANGI IANG2 1 

3 3 -0.707106781 
3 4 CO 
4 3 0 .0 
4 4 -G.7C71C6781 

REPRESENTATIONS 4 X 4 —> 1 

IAN&3 —> 

lANGl IANG2 1 

5 5 . -0.577350269 
5 5 CO 
5 7 CO 
6 5 C O 
6 5 -C.577350259 
6 7 CO 
7 5 0 .0 
7 6 0 .0 
7 7 -C577350259 

PRESENTATIONS 5 X 5 — > 1 

IANG3 —> 

lANGl IANG2 1 

8 3 0.577350269 
8 9 0.0 
8 10 CO 
9 3 CO 
9 9 0.577350269 
9 10 0.0 

10 8 CO 
10 9 0.0 
10 10 0.577350269 Fig. 15 (Contd.) 



REPRESENTATIONS 2 X 1 — > 2 

IANG3 — > 

l A N G l IANG2 2 

2 1 l .OOCOCOOOO 

REPRESENTATIONS 3 X 3 — > 2 

IANG3 

l A N G l IANG2 2 

3 3 
3 4 
4 3 
4 4 

0 . 0 
0 . 7 0 7 1 0 6 7 3 1 

- 0 . 7 0 7 1 C 6 7 8 1 
C O 

REPRESENTATIONS 5 X 4 — > 2 

IANG3 — > 

ANGl 

8 
8 
8 
9 
9 
9 

1 0 
10 
1 0 

IANG2 

5 
6 
7 
5 
6 
7 
5 
6 
7 

2 

C O 
0 . 0 
C 5 7 7 3 5 0 2 6 9 
0 . 0 
0 . 5 7 7 3 5 C 2 6 9 
0 . 0 
0 . 5 7 7 3 5 0 2 5 9 

c-.o 
0 . 0 

REPRESENTATIONS 3 X 1 — > 3 

IANG3 — > 

l A N G l IANG2 3 

-l.OOCOOOOOO 
0 . 0 

0 . 0 
- 1 . 0 0 0 0 0 0 0 0 0 

Fig. 15 (Contd.) 



IN) 

REPRESENTATIONS 3 X 2 — > 3 

1 ANG3 

lANGl IANG2 3 

REPRESENTATIONS 3 X 3 

lANGl IANG2 

3 3 
3 4 
4 3 
4 4 

REPRESENTATIONS 4 X 4 — > 3 

IANG3 — > 

l A N G l IANG2 3 

5 5 
5 6 
5 7 
6 5 
6 5 
5 7 
7 5 
7 6 
7 7 

EPRES6NTATI0NS 5 X 4 — > 3 

IANG3 — > 

lANGl IANG2 3 

8 5 
3 6 
8 7 
9 5 
9 5 
9 7 

10 5 

C O 
•l.OCCOOOOOO 

> 3 

IANG3 —> 

3 

•0 .707106781 
0 . 0 
0 . 0 
0 .7C7106781 

l.OOOOCOOCO 
0 .0 

4 

0.0 
0 . 7 3 7 1 0 6 7 8 1 
0 . 7 0 7 1 0 6 7 8 1 
0 .0 

• 0 . 4 0 8 2 4 8 2 9 0 
0 . 0 
0 . 0 
0 . 0 

• C 4 0 8 2 4 8 2 9 0 
0 . 0 
0 . 0 
0 . 0 
0 . 8 1 6 4 9 6 5 8 1 

0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 7 0 7 1 0 6 7 9 1 
C O 

•0. 707105781 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 8 1 6 4 9 6 5 8 1 
0 . 0 

- 0 . 4 0 8 2 4 8 2 9 0 
0 . 0 

- 0 . 4 0 8243290 
0 . 0 
0 . 0 

10 6 
10 7 0.0 " . " Pig -^^ (Contd.) 



RESENTATIONS 5 X 5 — 

lANGl IANG2 

8 
8 
8 
9 
9 
9 

10 
10 
10 

8 
9 

10 
8 
9 

10 
8 
9 

10 

-> 3 

IANG3 —> 

3 

0.316496581 
0 . 0 
C O 
0 . 0 

•0.40 6243290 
0 . 0 
0 . 0 
0 . 0 

•0.408243290 

4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

-0 .707106731 
0 . 0 
0 . 0 
0 . 0 
0.707106781 

REPRESENTATIONS 4 X 1 ~ > 4 

ANGl 

5 
5 
7 

IANG2 

1 
1 
1 

IANG3 —> 

5 

-1.000000000 
0.0 
CO 

6 

0.0 
-l.OCCOOOOOO 

0.0 

7 

0.0 
0 .0 

-l.OOOOOOOOO 

REPRESENTATIONS 4 X 3 —> 

lANGl IANG2 

5 3 
5 4 
5 3 
5 4 
7 3 
7 4 

IANG3 —> 

5 

0.50C0C0000 
0.866025404 
C O 
0 . 0 
0 . 0 
0 . 0 

6 

0 . 0 
0 . 0 

-0.500000000 
-0.866025404 

0 . 0 
0 . 0 

7 

C O 
0 . 0 
0 . 0 
0 . 0 
i.oooocorco 
C O 

REPRESENTATIONS 4 X 4 

lANGl IANG2 

C O 
C O 
C O 
0 . 0 
C O 

• C 7 0 7 1 0 6 7 8 1 
C O 

•C.7071C6731 
0 . 0 

C O 
0 . 0 

- 0 . 7 C 7 1 0 6 7 8 1 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 5 7 6 1 
0 . 0 
0 . 0 

C O 
- 0 . 7 0 7 1 0 6 7 6 1 

0 . 0 
- 0 . 7 0 7 1 0 6 7 6 1 

0 . 0 
C O 
C O 
0 . 0 
0 . 0 

Fig. 15 (Contd.) 



REPRESENTATIONS 5 X 2 — > 

ANGl 

8 
9 

10 

IANG2 

2 
2 
2 

IANG3 

5 

— > 

C O 
C O 
i.ooooceooo 

5 

0 .0 
l.OOOOOOOOO 
0.0 

7 

i.ocnooocoo 
P.O 
0 . 0 

REPRESENTATIONS 5 X 3 — > 

l A N G l IANG2 

8 
8 
9 
9 

1 0 
1 0 

3 
4 
3 
4 
3 
4 

1ANG3 —> 

5 

0 . 0 
C O 
0 . 0 
C O 
•0 .865025404 
•C5OC0COO00 

5 

0 . 0 
0 . 0 
0 . 8 6 5 0 2 5 4 0 4 

- 0 . 5 O 0 0 0 0 0 0 0 
0 . 0 
0 . 0 

7 

0 . 0 
1.000000000 
C O 
0 . 0 
C O 
0 . 0 

REPRESENTATIONS 5 X 4 

l A N G l IANG2 

9 
9 
9 

10 
10 
10 

I ANG3 —> 

5 

C O 
0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 0 
0 . 0 
0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
C O 
C O 

5 

0 . 7 0 7 1 0 5 7 8 1 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 C 7 1 0 6 7 8 1 

7 

0 . 0 
C O 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 0 
0 . 0 
0 . 7 0 7 1 0 6 7 S 1 
0 . 0 

EPRESENTATIONS 5 X 5 

l A N G l IANG2 

e 
8 
9 
9 
9 

10 
10 

9 
10 

3 
9 

10 
8 
9 

IANG3 —> 

5 

C O 
0 . 7 0 7 1 0 6 7 8 1 
C O 
•C7071O5731 
0 . 0 
C O 
0 . 0 
0 . 0 
0 . 0 

6 

0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 5 7 8 1 
0 . 0 
0 .0 
0 . 0 

- 0 . 7 0 7 1 0 5 7 8 1 
0 . 0 
0 . 0 

7 

C O 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 5 7 8 1 
0 . 0 

- 0 . 7 0 7 1 0 5 7 8 1 
0 . 0 Fig. IS (Contd.) 



^PRESENTATIONS 4 X 2 — 

l A N G l IANG2 

> 5 

IANG3 

8 

0 . 0 
C O 

— > 

l.OOOOOOOOO 

9 

0 . 0 
1 . 0 0 0 0 0 0 0 0 0 
0 . 0 

10 

1 . 0 0 0 0 0 0 0 0 0 
0 . 0 
0 . 0 

EPRESENTATIONS 4 X 3 

l A N G l IANG2 

IANG3 

8 

0 . 0 
0 . 0 
0 . 0 
C O 
C O 

—> 

1 . 0 0 0 0 0 0 0 0 0 

9 

0 . 0 
0 . 0 
0 . 3 6 6 0 2 5 4 0 4 

- 0 . 5 0 0 0 0 0 0 0 0 
0 . 0 
0 . 0 

10 

- 0 . 8 5 5 0 2 5 4 0 4 
- 0 . 5 0 0 C 0 0 0 0 0 

C O 
0 . 0 
0 . 0 
0 . 0 

REPRESENTATIONS 4 X 4 

lANGl IANG2 

IANG3 —> 

8 

0 . 0 
C .707106781 
C O 
0 . 7 0 7 1 0 5 7 8 1 
0 . 0 
C O 
0 . 0 
0 . 0 
C O 

9 , 

0 . 0 
0 . 0 
0 . 7 C 7 1 0 5 7 6 1 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 0 

1 0 

C O 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
0 . 0 
0 . 7 0 7 1 0 6 7 B 1 
C O 

REPRESENTATIONS 5 X 1 

lANGl IANG2 

8 1 
9 1 
10 I 

IANG3 — > 

8 

1 . 0 0 0 0 0 0 0 0 0 
C O 
0 . 0 

9 

0 . 0 
l.OOCOOOOOO 
0 . 0 

10 

0 . 0 
0 . 0 
1 . 0 0 0 0 0 0 0 0 0 Fig. 15 (Contd.) 



REPRESENTATIONS 5 X 3 — > 

lANGl IANG2 

9 
9 

10 
10 

3 
4 
3 
4 

l.OOCCCOOOO 
0 . 0 
C O 
0 . 0 
C O 
0 . 0 

0 . 0 
0 . 0 

-0.500000000 
-0.866025404 

0 . 0 
0 . 0 

0 . 0 
C O 
0 . 0 
0 . 0 

- C 50C000000 
0.866025404 

REPRESENTATIONS 5 X 

lANGl IANG2 

8 5 
a 6 
8 7 
9 5 
9 6 
9 7 
10 5 • 
10 6 10 7 

REPRESENTATIONS 5 X 5 — > 5 

IAN 

lANGl IANG2 

CO 
C O 
CO 
p . 7 0 7 1 0 6 7 3 1 
C O 
C O 
0 . 0 
C.7071C6781 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
0 .0 
C O 
0 .0 
C O 
0 .0 
0 .0 
0 .0 

- 0 . 7 0 7 1 0 5 7 8 1 

0 . 0 
- 0 . 7 0 7 1 0 6 7 8 1 

0 . 0 
0 . 0 
C O 

- 0 . 7 C 7 1 0 6 7 8 1 
C O 
C O 
0 . 0 

8 
8 
9 
9 
9 

10 
10 
10 

9 
1 0 

a 
9 

10 

a 
9 

10 

C O 
C O 
0 . 0 
0 . 0 
0 . 0 
0 .7071C6781 
0 . 0 
0 . 7 0 7 1 0 5 7 3 1 
0 . 0 

0 .0 
0 . 0 
0 . 7 0 7 1 0 5 7 8 1 
0 . 0 
0 .0 
0 . 0 

- 0 . 7 0 7 1 0 6 7 8 1 
O.C 
0 . 0 

0 . 0 
- 0 . 7 0 7 1 0 6 7 8 1 

0 . 0 
C 7 0 7 1 0 6 7 8 1 
n.O 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

fig. 15 (Contd.) 



APPENDIX 

Source-code Listings 

INDEX FOR PROGRAM: GPTHfORY PAGE I COMMON CROSS-REFeRENCt TABLE FOR: GPTHEORY PAGE II 
DATE = 4/07/71 

ROUTINE 

ADAPT 
ALPTAB 
ANTSYM 
APPLY 
AUFUN 
BASFUN 
BASIS 
CLEAN 
OEGEN 
EIGEM 
FILOUT 
GRID 
GROUP 
INRAS 
LINCOM 
LINEUP 
MAIN 
MATPRT 
MOLCUL 
ODDGA 
ORBTLS 
ORTHOG 
PHASER 
PROSYM 
PSYM 
PTGRUP 
SCAN 
SORTl 
SYî B3J 
SYMSUM 
THETAX 
THLMK 
VALUE 
VECUPL 
VIBROT 
VPRINT 
W1G3J 

PAGE ROUTINE PAGt ROUTINE 

16 
8 

32 
76 
40 
62 
48 
41 
25 
23 
77 

11 
51 
27 
33 
1 

22 
2 

70 
58 
72 
36 
13 
18 
46 
43 
26 
31 
44 
21 
20 
63 
65 
75 
73 
29 

PAGt ROUTINE PAGE /ALP/ 
PSYM 
THETAX 
THLMK 

/ALPI/ 
ALPTAB 
THETAX 
W1G3J 

/ASYMI/ 
ANTSYM 
PROSYM 

/CONTRL/ 
AOAPT 
BASIS 
GRID 
GROUP 
INBAS 
LINCOM 
LINEUP 
MAIN 
MOLCUL 
OOOGA 
ORBTLS 
ORTHOG 
PHASER 
PROSYM 
PSYM 
PTGRUP 
SYMSUM 
VECUPL 

/FILES/ 
ADAPT 
BASIS 
INBAS 
LINEUP 
MAIN 
MATPRT 
MULCUL 
ODDGA 
ORBTLS 
PHASER 
PROSYM 
PTGRUP 
SYMSUM 

18 
21 
20 

a 
21 
29 

32 
li 

16 
48 

U 
51 
27 
33 
1 
2 

70 
58 
72 
36 
13 
18 
46 
44 
65 

16 
48 
51 
33 
1 

22 
2 

70 
58 
36 
13 
46 
44 

WIG3J 

/GIRD/ 
GRIO 
MOLCUL 
PROSYM 
PSYM 
THLMK 

/OUTB/ 
PASIS 
F I L OU T 

INBAS 

ORBTLS 

/OUTl/ 
BASFUN 
fiASES 
F ILOUT 
GRIO 
INBAS 
MULCUL 
ORBTLS 
PSYM 

/OUT2/ 
BASIS 
FILOUT 
ORBTLS 

/nuT3/ 
ADAPT 
CLEAN 
F ILOUT 
GROUP 
LINEUP 
MOLCUL 
ODDGA 
ORBTLS 
PHASER 
PROSYM 
PTGRUP 
SYMSUM 
VECUPL 
VPRINT 

/0UT4/ 
FILOUT 

29 

9 
2 
13 
18 
20 

48 
77 
51 
58 

62 
48 
77 
9 
51 
2 

58 
18 

48 
77 
58 

16 
41 
77 
11 
33 
2 
70 
58 
36 
13 
46 
44 
65 
73 

77 

VPRINT 

/PHASE/ 
LINEUP 
PHASER 
PROSYM 

/PROTCO/ 
LINEUP 
ODDGA 
PHASER 
PROSYM 
VECUPL 

/SCANl/ 
CLFAN 
SCAN 

/UNGRAO/ 
AUFUhi 
PHAiFR 

/WIGNER/ 
SYMB3J 
VECUPL 
WIG3J 

/WORKl/ 
ADAPT 
L INEUP 
OOOGA 
ORBTLS 
PHASER 
PROSYM 
VECUPL 

/wnRK2/ 
BASt'UN 
ORBTLS 
VALUE 

/XYZ/ 
BASFUN 
GR ID 

73 

33 
36 
13 

70 
36 
13 
65 

41 
43 

40 
36 

31 
65 
29 

It> 
33 
70 
53 
36 
13 
65 

62 
58 
63 

62 



PKn...«: .PTHE.a... - - R0Ur..E:..41N-,- • — - E . G E - - 1 PK,,BM: . e i . E q a . - ^ '̂HTINf: ..(C.L ^ y y ^ 

MAINOOIO S'J8RCUT!NE "OLCUL ( J O R D F R I ^ . ^ _ ^ — '• „ . " • . - - ; , — 

:;;:;:;;.^^'^r^;L.cuL« .o.., ..u.. ,..J.. ^^"oi" c » . . . . . . . « „ . » t » . . u.u . . .^MN. . . ,» .U^L .̂K .ns^n^ _ ^ ^ t i i i ^ 
T 0 B^^UiaM 4NJ -,.L._GCKJON^N •fl.l'iWlO I^IPUC I T KtHLt-t l a -H .O-JJ nOLCOCO 
CHfniSTPY OIVISID-J, anGONNt NUTIONAL L40OB4T0RV " « " " * ? I ^ I T ^ J I U I ^ - , ' ' , „ , «-1P VHP ZOP "°LC3350 

• •^PLICIT P t . L . H U - H , 0 - Z l " » " = ; » : ^ ~ - ^ " ' : " " ? ' ) • • 0 P ( 3 l , « C C T H 0 l , M J C I 3 3 l , I H n L ( 6 l , "°LC0D70 

CO-.>.0~/C3VT»L/C.TZR3,CPTjeG.lSroP.lHTIFR.LFLOWIiOI 1""!!?. rg'^^nw 3,r^ » vmU Ul ' T T T ^ ' ? ! ! ? ^ 
MDN/FILES/INPUT,lOUT 

1NPUT = 

MAIN008U ISYMRHL (1331 , I A îYMaf 30) 

WA1N0Q90 
MAINUIOO 

1 NU-^TI 101,•JUCU10|-,TTSY»3TT0T.ITVPAI30,1(11 . n V P U 3 U l . i l . P I n o w ^JSL^^IOO 

« ^ " i ^ S 20 ^ i j ^ ^ l l " ^ ; r , 5 ? ; f : , ' l » - l R . P , . O e 3 M l M , . » M . A l ^ , U I , l K . P M 3 Z l . l U K U t P , L . . L L ^ H ^ L T O T T ^ 

" L L M.iFLUW ' M M ' . O U O 1 LV. l 2, • RTV PI I M • 1 PP»« I 1 -1 • I OHO. • »LO^L I I M S r o 4 ^ -
. . . ,> ,THf i r r . .<~ru /Ca\ 'TPL/C«T;R0.CPTnEG, lS IPP, l» ILP.L i -LOt , l l l ) l _ „ , ^ „ ; : ^ Iri^rp,:"^?!;^^?;,"""""'"""" ^M.SI^^ ^3::o ;̂̂ ;̂;;RGMo;3g:̂ ::c;S!I.Mr;PH.aRii.wi;NOR.o..oiv »;^c^^ 

„ « OETiRHINMIUM 'JP R O n i G<L1UP PRIPtRTlES iUTN0T1)0 „ . „ , . n , , . - n 5 . . . s , < • • . • , / . 5JRT , • , / / 

1 CALL GROUPIlSUM.JSilHI ; " ; ; " ° ° i - T ^ T - ' A L . • S f . ' O ' • • S • , . OL • , • AR • , • ̂  - , - . , - - . - o > . • • 
CALL SyMbU.1(lSUH,J5U«l ^1 v . ^ J o V .S • ' . ' t • . r n . . ^ 1 . . CQ. . ZN . • GA . . . Gt • , . AS . . • .-.F . . . BV , • > = ; • • • R T , H0LC3? 10 
IF l lSTaP .EQ.OI G3 TO 4 MllCiZlO Z " ^ • , ^ ^ . • , V J , ' , ^ ' , ' . „ " ' , , r , , „ , , , R H . , ' P J . . . A G ' , . C D ' . . IN . . . SN . , W3LC0;20 

— I F i iNTtR.Fo. i l Gij-fQ-Tii T.iiiii^^ ? :^ ! ' : • ' • ! . - . • : ; ' ' : ' : ^ ; : ' : "c : • : ' ' • • . •? . . • • .?" . . .PR. . .NO. : .p« . . .s . i . , .Eu. ,M3Lco23o 
INTER= .. ^ . . . „ . — . T u . . , w . . . M : l . . . F R . . . T M . . . Y B . . . L U . t . H F . , . I A . , . W . . . R t ' . ' U b ,MULi.024 
ISTOP = 0 ^ ^ "AINOZAO 
li'ul ? i3UT,2o i 5MNO| |o ; : ; ^ : - : ; ; : - : ; " : : : ^ ^ - ^ u : : . A s : ; : ; ; : : . B K . : . [ F . : . F J . ; . F M . ; . „ o . ; . N - i . ; » 3 L o o 2 e . o 

20 FORMAT ( / / ' .JESTA^T .^ITH INTERMEDIATE l iUTPUT'/ l MflIMJ2bO 7 'TH , Pi , U , ^t' , yu , MDLC027O 
r-0 TO 1 .̂  .̂  — " ^ i ^ ^ ^ ^ g " M A I ^ E L I ST/PA^AMS/MATOMS,CRTZPU.CRTDEG.C^TTYP.NTLHEK,1NTEK. SCALE. MOLC3260 

* * * cy^METPY-ADAPTATION IF ATOMIC ISASIS SET MAINa280 NA^hL I b t / Kn'< A " i / i u i u. a. i - i . M i i i n p a T 
QJ TO 7 MAIN029O I NDIV.LFLOU 

'. C A M ^ B A s i s ' - - " " " ' " " ' ^^T^^° ' N A K F L ; V T / M n M Z t L M N T . X , Y . . . X r P , V U P . ^ M P . F > , F „ H i " ^ ^ ^ ^ 

^F i l S I O P CQ 11 GO T l 10 MA1NJ310 CALyiOf 2 A I l i I 0 O « l J ^ ^ ^ ^ " " g 

' k :!^;g;i^-?! ^^ r. u i?!^gir'c.». i^p^r^i^F^;;^ Ur^^........ PAPA.F.CRS ™ ^ 
IF IINTFP.FQ.il 0̂  1 J 10 HAIN03.,3 READ I INPUT,3001 lOtNT.JOB MJL.OSbO 
" ! " : ' Zimlio .00 "Fn̂ ÂrViJAl.AaAiJ rar^HS-
L,aiTF" i n i l T POI .4AI.103BD IF I JOB. EO. 1 HiTl (61 I STOP MOi rn ion 
WRITE ( I . )UT,20) M . t u i a a i wP i I F I IOIJT.30?I MnLC0390 
G'l T3 1 ^ MA Moloo 30P FIIRHAT l H l f 3 S X , . < » « « GPTHfURY - AUTFIMATED HOLECULAP POINT GRLUP XOLCO^OO 

7 l F l L F L r . , ; ( 2 I . E 0 . 0 l GU TO 8 T.\T-,l,c. , THFPSV . . U T ^ J X , • THONAS D . R 0 J » A N ANO GCRDIW L. GPOQ^AN-Z » 1 3 L : 0 < , 1 0 
. 7 . T U I N - R O T A T 1 0 - > I SY«,-.CTPY ANALYSIS Z\.„t,l Z " » • C HE . t SI R Y 0 v l S 1 OH, AIGONNE NATIONAL L AOHKATUR Y • / b4» , -fOLCO^O 

? M , „ , , , [ , . „ , ,-n n « XAIN0430 3 .ARGONNE, ILLINOIS e , 0 4 3 9 . / / l IF ( IST' IP t-Li n l GO TO R "1A1N0H3U j ^ ' . - • - '—"-J " " - w-ii r-n.4'1 
^ ? F « " F O ' ? ^ J TO 10 HAINO^iO 1000 WRITE l i n u T , 3 0 1 l IDENT.CALEND ImAttn 

^ ^ I N I t R . F O . l l , J TO 10 ,,a,. io^.,o 301 FORMATI. PBOBLEM TITLE — • . 2 0 A t . A 8 / / 1 "g * - ; ^^^? 

.1AI.J0460 

mi^JlS^a^ S ^ H H ? ^J^i^£^Jj SOLCO^ 
-JWM 'ST r̂aiSo Lvirrar- J ° 

FINITE P'UNT GROUP VECTHPi-COUPL I NG COLFFICIENTS MAIMJ490 JSTQP = 0_ 
-T^TirLOHni.Fo.oi iJ TO 3 "A'No,™ , . , t . .o V-.'illH MAIN0500 INTtB=0 

CALL VECUPL ^ Z\Zlll S T ^ S ^ ^ ™ZObIO-
INTrRFACE TO APPLICATIONS P-iOGRAHS •'A1N0530 m 99 U i . l O ^ailoMo 
i—^ — ,MAIN054D 99 LFLOU( l l=o J C J - . u CALL APPLY 
CALL FILOUT ^ " « ' ^ " " - ' ujj - . . , - » , - ^ WILCOJ 

-y^—^-^ -^— ^ — MA I \inKt.n oa I ci nu I 1 1 = 1 I- 'DH-UJ 

MA1N0550 tip 98 [ = 1 . 
MftIN0560 98 LFLOWtI 1 = 1 
HA1N0570 SCALE=1.00 

CRTZRQ=l.D-8 

MnLCQ570 

http://3Ul.il
http://iiNTtR.Fo.il
http://IINTFP.FQ.il
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CRTDEG=1.00000001 
CRTTYP = 1.0I)-'J 
REAH ( INPUT,PARAi^S \ 
IF (NATOMS.GT.301 GU TO 150 
IF (NATnV,S.GT.2) GO TO 23 
IF (NATOMS.£0.01 GO TO 203 
WRITE (IOUT,20I 

30 FORMAT (/' MJLECULE IS DIATOMIC.•) 
yjRITE i lOUT, 1011 

101 Fnq^iAT I/' ONLY THE REPRESENTATIONS SPANNED BY THE INPUT L-VALUtS 
IWILL BE CHA.; ACTER IZED.'/• NJ VEC TDR-COUPLI NL, COEFFICIENTS WILL BE 
2C0MPUTE0.'1 

23 WRITECIOUT.591 NATOMS,NTCHEK 
59 FORMAT (• INPUT L)E SC* I PT I 0 »J OF -̂ilL tCULE • / IX , 2B{ IH-1/5X , • NUMO ER OF 

lATOMS = • .12/5X.'ASSJMEO ND. OF EQUIVALENT SETS (ATOM TYPESI = ', 
2 12/) 
WRITE!inUT,701 

70 FORMAT (5X,'CARTESIAN C0DR3INATES (IN FORM X = A*FJNCIS) l'//5X 
1 ' ATOM CHEMICAL'»11X.'X',23X.'Y',23X,'Z'/5X,' NUMBER SYMBJL' , 
2 2X,3(4X,«A',4X, 'FUNC . 4X . • S' . 6X1 / 1 
DO 220 1 = 1,NATOMS 
X=0. 
Y=0. 
Z = 0. 

YOP=IB 

FX=1.D0 
FY=1.D0 
F2=1.00 
READ (INPUT,ATOMI 
WRITE 1I0UT.711 I,ELMNT,X,XOP.FX,Y,YOP,FY.Z,ZOP,FZ 

71 F0RMAT(7X,I2,7X,A2.3X.3(F8.4,1X,A4,F8.3,3X11 « 
IASYMBII)=ELMNT 
POS(1,I1=X 
PaS(2,I)=Y 
P0S{3,I1=Z 
I0P(1)=XDP 
I0P(21=YGP 
lOPl3t=ZQP 
FC(1)=FX 
FC(2J=FY 
FC(3i=FZ 
DO 222 N=l,103 
NCH=N 
IF (IASYM6I 11 -EQ.SYMBOLINH GQ TO 223 

222 CONTINUE 
WRITE (IQUT,224) lASYMft(I),l 

224 FORMAT (/' THE CHEMICAL SYMBOL',A2,' INPUT ON ATOM-PARAMETER CARO 
INO. '112,* IS INCORRECTLY PUNCHED.') 
GD TO 203 

223 NUC(Il=NCH 
00 220 J=l,3 
IF (FC(Jl.EQ.Ol FCIJ1=1.D0 
IF (IOP(Jl.60.IHJLl11 1 FC(J1 = 0C0S(DR*FC(J 1) 
IF (IDPCJl.EO. 1 H 0 H 2 ) ) FC(Jt=llSINlDR*FClJH 
IF (10P(Jl.EO.IHOL(31) FC(J1=1.00/FC(J1 
IF (lOPlJl.EQ.IH0L(41 » FC(JJ = OSaRT(FC(J 11 

S&^E ,i 

MOLC0590 
M0L:0f.30 
MOLCD510 
MOLC0620 
MaLC0630 
MOLC0640 
MOLC0650 
MnLCD660 
M0LC0670 
MOLC06aO 
MJLC0!>93 
MDLC0700 
M0LC0710 
MOLC0720 
M3LCO730 
Mr)LCD740 
MOLC0750 

, M 0 L : 0 7 6 0 

MOLCD770 
MOLC0780 
MGLC0790 
MOLC0800 
MOLC0810 
M0LC0a20 
MOLC0830 
MaLCOS40 
MDLCO650 
M0LC086O 
MOLC0870 
MOLCOBSO 
M,1LC0890 
M0LC393D 
MOLC0910 
MOLC0920 
MOLC0930 
MaLC0940 
MaLC0950 
MOLC0960 
MaLC0970 
M0LCD983 
MJLC0990 
M3LC1000 
MOLCIOIO 
MQLC1020 
MOLC1030 
MOLC1D40 
MOLC1050 
H3LC1060 
M0LC107O 
H3LC108D 
MQLC1090 
MOLCUOO 
MOLClllO 
M0LC1120 
M0LC1130 
MGLC1140 
M0LC1150 
M0LC1160 

22'} 

72 

£ S 3 Q E & m SiPtd£Q&i 

pns(j.ii = pos(j,n*FC(ji*scALf 
IF {NATQMS.LE.21 GO TO 203 
W-^ITE linUT,72) CRTZiJO,CRT DEGtCPTTYP,NDIV 
FORMAT!//' THRESHHLOS ANO CONTRDL PASAMET 
THRESHOLD - ',1PE8.2/5X,'DEGENERACY TEST 

2',0PF11.8/5X, 'AT1M E3UIVALtNLfc IHRtS-IULD 
3D POINTS PER ATOM = '.I 3/5X,•SCALE FACTOR 
4= '.OPFIO.SI 
WRITE( I0UT,73) 

7^ 

74 

75 

76 

77 

73 

79 

80 

1005 

109 

110 
3 

11 I 

401 

400 

305 

aQuiiyti 

,SCALE 

^MLiLCUl 

tKS'/lX,34I H-I/SX.'ZERG 
(RATIU OF EIGLNVALJES) = 

eaiit 4 1 

MOLC1170 j 
MOLCUao 1 
MQLC1190 1 

M0LC121G 1 

MULTIPLYING COORDINATES MOLC1230 i 

FORMAT (5X,'PROGRAM TPTILINS S L L E C I L D -'/ lOX , • PU INI 
S' ) 
IF (INTER.tJ.11 WRITE( lOUT,741 
FORMAT(1 OX,' INTERMEDIATE PRiNTOJT' ) 
IF (LFLOW(l).fciJ.ll WRITE(nUT,75 1 
FORMAT (lOX.'SYMMETRY-ADAPTtJ ATOMIC HASIS SET'l 
IF (LFL0Wl4).Ey.ll HRITEir.)UT.76 1 
FHRMAK12X.'MINIMAL SLAT-P SASIS') 
IF ILFL0W(41.EQ.2I WRITE(1 IUT,77l 
FOHMATt12X.'OOUBLE-ZETA SLATER BASIS'l 
IF (LFL0W(41 .E3.91 »(R 1 IE I I OUT , 78 1 
FORMAT(12X,'SASIS SET READ IM'l 
IF ILFLOW(2I.Eg.l1 WRITE(lOUT,79( 
FORMAT!lOX.'VIBRATION-R3TATION SYMMETRY* 1 
IF (LFL0W!3).E0.1I WRITL(inuT,301 
FHRMATdOX.'VECTOR-C^UPLING COEFFICIENTS' 1 
TRANSLATION TO CENTER OF NUCLEAR CHARGE COORDINATE 
FN = 0. 
DO 109 J=l,3 
P! J1=0. 
DO 3 1=1.NATOMS 
FNI=NUC{I1 
DO 110 J=l,3 
P(J1=P(Jl+POSlJ,I1*FNI 
FN = FN-fFNI 
00 111 J=l,3 
PI J1 = P(JI/FN 
00 400 1=1,NATOMS 
R2=0. 
DO 401 J=l,3 
POS!J,ii=pas(j,ii-p(Jl 
R2=R2*POS(J,I1«*2 
RADIUS!Il=DSQPT!R21 
XX( 1 )=PQS(1,I1 
YY! II = P0S(2,11 
ZZ!Il=PCS(3,I 1 
CONTINUE 
Si^HERICAL OOLAR CDOROINATES IN C.C. SYSTEM 
OU 4 1=1,NATOMS 
THETA!11=0, 
PHI I I 1=0. 
W=PDSI3,I1 
IF !RADIUSII) .LE.CRTZRO 1 GD TO 4 
IF IDABS!DABS!W)-RADIUS! 11).GT.l.D-71 GU 
IF !POSI3,It.GE.O.1 GO TO 4 
THETA!Il=Pl 
GO TO 4 
THETAII1=DA«C0S!PDS!3,I1/RA0IUS1II) 

TO 305 

IF (DA8S(P0S!2.!1I.LE.CRTZRO.AND.DAQS!POS!1,U1.LE 

MQLC124D 1 

MaLCi26a 1 

SYSTEM 

MaLC1280 1 

M0LC1300 I 

MOLC1320 1 
MOLC1330 1 
M0LC1340 1 

MnLC1360 i 

MOLC1380 1 

M0LC14DD 1 
M0LC1410 1 
M0LC1420 1 
M0LC1430 1 
M0LC1440 1 
M0LC1450 1 
MOLC1460 1 
M0LC147D 1 
MOLC1480 1 
M0LC1490 1 
M0LC1500 1 
M0LC1510 1 
MaLC1520 1 
MOLC1530 1 
M0LC1540 1 
M3LC1550 1 
M0LC156D 1 
M3LC1570 1 
M0LC1580 1 
M0LC1590 1 
M0LC1600 1 
M0LC1610 I 
MOLC1620 . 
M0LC163O ; 
MOLC1640 1 
M0LC1650 
M0LC166O 1 
MaLC1670 • 
MnLC1680 
MJLC1690 
M0LC1700 
MOLC 1710 
MOLC1720 

4M0LC1730 
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PHI I I 1 = Q A T A N 2 I P 0 S I 2 . I 1 . P O S I 1 . 1 I t 
I T Y P I ! 1 A 1 = N U M B 

( P H I I I 1 . L T . 0 . I P H I ( I 
CONTINUE 

= PH1( I ) - t - 2 . D 0 * P I 

" MOLECULAR OFOMET 

WP I T E ! i n u T , a i I 

'Y A N A L Y S I S 

MOLC1750 
MDLC176Q 
MaLC1770 

ITYPAINUMP,ITI=IA 
GD TO 24 

MiLL'-JL e^u£ 6 I 

M0LC2320 I 
"" M3LC2 330 

FORMAT ( IHI,'^lOLECULAR GEOMETRY AN ALYS I S ' / IX , 27 ( It 
WRITE ((OUT,2051 

205 FORMAT (/25X,•ATOM',3X,'CHEMICAL 
INATES IN CtNTER OF CHARGE SYSTEM' 

,i,X, ' ATOMIC,hX. 

-)//) M3LC1790 
MOLC1800 

TcARTtSIAN CDOR01M0LC1810 

NUCT(NflTYpei=NUC!IAl 
ITSVM6(NATY'PE 1=IASYM«( IAI 

~KCCT(NATYPtl=RADlJS(IAI " 
M 0 M T ! N A T Y P E I = 1 ^ _ _ 

WRITE !I0UT,60 I 
60 FORMAT(24X,'NUMBER'.3X 'NUMBER (Zl ',lOX, 

MDLCie30 
MOLC1840 

ITYOT("IAI = 
ITYPI I 1 Al = 

M0LC1850 
M0LC1860 

WRITE ! inuT,2 04) (1,1ASYMB!It,NUC(I I,(PUS I J, 11 , J-1,3 I.i^l.NATUMSl M0LC1870 
!26X,t2,7X,A2,8X,12, 

ITYPAI 1,NATYPEI = IA 
CONTINUE 

WRITE IIOUT , 50J^ 
50 FORMAT !/25X,•ATUM 

" T N ATYPE.EQ.NATOMSI I0HDER=1 
JQnOFR = IOMDER_ 

,3X,'CHEMICAL',4X. 
INATES IN CENTER OF CHARGE SYSTEM'/24X 

'SPHERICAL CDQR3IM0LCie90 
. 'SYMa3L' .3t,'SUMMOLC1900 

2aER ( Z l ' . l O X , • R ' , l i , X , « T H E T A ' , 1 3 X , ' P H I ' / ) 
WRITE ( i n U T , 2 0 4 l ( I , I A S Y M B ( 1 ) , N U C ( I 1 , R A D I U S ( I I , T H E T A ! 1 1 , P H I { 1 1 , 

M0LC1910 
MDLC1920 

( N A T Y P " E . G T . I O I 6 3 T O 1 5 0 

I F ( N A T Y P E . N E . N T C H E K ) GO T O 2 0 0 

" T E S T F O R C E N T E R O F I N V E R S U S 

•gAT = NATOMS 

1 1 ^ 1 , N A T O M S ) 
» TEST FOR L I N E J R M O L E C U L E 

M0LC1930 
M0LC194O 

NINV = 
pn 6 1 I T = l , N A T Y P E 

( N A T G - ^ S - E Q . ? ! GO Tn 3 1 0 

I S = 2 
I F ( R A D l U S m . L E 
L I N = 1 

.CRTZROl I S = 3 

M 3 L C 1 9 5 0 
MOLC1960 
M 0 L C 1 9 7 0 

I F ( R C C T d T I . G T . C R T Z R O l GD TC 65 

NaT=NATOMS-L 

GO TO 
&5 MuyB = ' ^ U " T ! I T I 

1 S 1 = I S - 1 
DO 1 0 4 I = I S . N A T O M S 

MOLC1990 
MOLC2000 

on 62 I N = 1 , N U M B 
I A = I T Y P A 1 I N . I T 1 

I F 

| P I = O M O [ ) ( P . ^ I 1 1 1 + P I , 2 . D O * P I 1 

( D S I N ! T H E T A ! I I I . L E . I . 0 - " " P I = 0 . 

T H P I = P 1 - T H E T A ( I A I 
P H I P I = D " n n ( P H l l I A H - P I . 2 . J O * P I 1 

T H F T A d 1 ) . L E . C R T Z R O . A N D . O A t i S I P H K I S l l - P H K I I 1MJLC2 03 0 
l D A B S | T r i E T A l I S l l - P H - T H E T A ! I l l . L E . C R T Z R O MOLC2343 

( ! D A B S ( T H E T A ! I S I 
1 . L F . C R T Z R O l . J . ^ . 
2 . . A N D . D A B S ( D A B S I P H l ( I S l l - P H I P I l l . L E . C R T Z R n n GO TO 1 0 * 

LIN 

!nSINt THETA!IAII.LE.1 
JN=I .NUMB 

,0-71 PHIPI=0. 

M0LC2O5O 
M3LC2060 

A = I T Y P A ( J N , I T I 
F ( O A a S ( T H E T A ( J A l - T H P I 1 . ; T . C R T Z R O . n R . D A B S ! P H U J A l - P H l P I I . G T . 

1 0 4 CONTINUE 
( L I N . E Q . O ) GO TO 2 1 

1 C^^TZPOl GC TO 63 
NINV = N I N V + 1 

WRITE ( I 0 U T , 1 0 5 1 
105 FORMAT ! / ' MOLECULE I S L I N E A R . ' I 

M0LC2090 
MOLC2100 

INVATd Al = 
GO TQ 62 

WRITE (ICUT.lOl1 
READ (INPUT,315) LVAL1.LVAL2 

63 COf^TINUE 
IODD=0 

15 FORMAT (2151 
LFLnw(31 = 

|MAXP(LVAL1.LVAL21.GT.161 G 
i"f GENERATE AND LABEL ATOM-TYPES. 
21 NUMT!11=1 

NATYPF=1 

TO 150 
HTHER TABLES 

MOLC2130 
MOLC2140 
MOLC2150 

GO TO 160 
67 CONTINUE 
^1 CONTINUE 

IF !NINV.EO.NflTI IODD=l 
MOLC2170 
MOLC218D 

!NAT*ND1V.GT.720» GO TO 150 
GO TO 201 

RCCTl 1 l=h<AOIUS(H 
NUCT! 1 l=NUC[tI 

M0LC2190 
MOLC2200 

200 WRifE (I0UT,202) 

MOLC2520 I 
M:JLC2530 I 

M0LC2540 i 
MOLC2550 I 
MJLC2560 I 
MOLC2570 I 
MOLC2580 I 
M0LC259O~~| 
MQLC2600 I 
MJLC2610 i 

M0LC2630~1 
'^3LC26*0 I 
M0LC2650 I 
M0LC2660 I 
MDLC2670 | 

MULC2690 I 
MnLC2700 ] 
MOLC27I0 I 
M3LC2720 I 
M0LC2730 I 

M3LC2750 | 
MOLC2760 I 
MQLC2770 

ITSYMB!11= 
1TYPT(11=1 

MOLC2210 
M3LC2220 

0? FORMAT !lHl,'THe CALCULATED NUMBER OF ATOM-TYPES DOE 5 NOT AGREE WIMULC27S0 | 
ITH YOUR ASSUMPTDN. PLEASE R E C H E ^ K Y U U K I N P U I . ' I MOLC2793 | 

ITYPI!11=1 
ITYPA! 1, 1 I =̂1 

MGLC2230 
M0LC2240 

201 WRITEl IGUT,51I NATYPE 
51 FORMAT!///' THE PROGRAM •I STINGUISHES 

M3LC28O0 j 
MOLC2910 I 

ATOM TYPES, AS F0LL3WMULC2820 | 

!A=2,NATOMS 
DO 25 IT=t .NATYPE 

MOtC2250 
M0LC2260 WR ITE (inuT,53t 

IF (DABS!" 
t GO TD 25 

iTriTS!! AI-RCCT! IT)1.GT.CRTTYP.0R.NUC!IAI.NE.NJCT!IT)I 

11 NUMB = NUMT!IT 1*1 
NUMTI I T1 = NU'^B 
ITYPTI IA1=IT 

M3LC2270 
MOLC2280 
M3LC2290 
MDLC2300 

53 FORMAT (/1 qX ,• ATOM-TYPE CHEMICAL NO. 'J.F NUCLEAR 
" ATOMS IN T4IS ATOM-TYPE'/20X,•INOEX lADING INDICES 

?_r[l ATOMS 

3YPE'/18X,9!' 

M3LC2830 1 
MQLC2840 | 

JPPE^ : L3MOLC2850 I 
SYMBM3LC2360 I 

CHARGE 
I ,3X,3I' 

LOWER ; 
• l,3X,6I' 

DO 54 IT=1.NATYPE 

"RUNNING INDICES WITHIN T-IE ATQM-TM3LC2870 1 
-•l.3X,7!'-' I,3X,54! '-')/> M0LC2a60 I 

""̂  ~ M0LC2B90 1 
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NUMR = NUMT1IT1 MaLC2900 

ERQSa&m-aEm£Q&^ liQUIlNEl-ALgiaii, 

SUSROUTINE ALPTAB 
WRITE (I OUT ,55) IT,ITSYMB!IT1.NUMB,NUCT(1T1,!ITYPA(I,1T1.1=1.NUMB)MOLC2910 

55 FORMAT I/21X. 12,10X,A2,8X.I2.7X.12.6X.12I5,I 1X/60X,121511 MOLC2 923 
54 WRITE !I0UT,56I (I , I = 1,NUMB1 MOLC2930 
56 FURMAT (60X,12151 MaLC2940 

IF (IOROER.EQ.il WRITE (IDUT.IOO) MOLC2950 
100 FORMAT I32X,'SINCE THIS MOLECULE HAS NQ NON-TRIVIAL SYMMETRY fcLEMEM0LC296O 

1NT5.•/40X,'FURTHER CALCULATIONS OF SYMMETRY-RELATED'/4faX,'PROPERTIM0LC2970 
2ES WILL BE BYPASSED.') MOLC2980 
HINV=HNO M0LC2990 
IF(iODO.FQ.ll HINV=HYES MOLC3000 
WRITEllOUT.821 HINV M3LC3010 

82 FORMAT !//• CENTER OF INVERSION - '.A3/) M0LC3O20 
IF (ISTOP.EO.01 GO TO 999 MDLC3030 

203 READ (INPUT,3001 IDENT.JOB MOLC3040 
IF (J0B.EQ.IHUL(6)I STOP MOLC3050 
IF (JOB.NE .IHUL(51 I GO TO 203 MOLC3060 
WRITE ([OUT,302) MOLC3070 
GO TO 1000 MOLC3DB3 

150 WRITE (I0UT,1511 , MDLC3090 
151 FORMAT (//' ONE UR MORE OF THE INPUT PARAMETERS WILL CAUSE ASSAY LM0LC3100 

IIMITS TQ BE EXCcEDED. CALCULATION ASANODNEO.'l M0LC311D 
IST0P=1 MOLC3120 
GQ TD 201 M0LC3130 

S99 CALL ALPTAB M0LC3132 
CALL GRIDU.IODDI M0LC3134 
CALL GRID!2.10DD1 M0LC3136 
RETURN MDLC3138 
END MOLC3140 

3 

? 

4 
37 

SETS UP TABLE OF COEFFICIENTS FOR CALCULAilON 
LEGENDRE POLYNOMIALS. L .LE. 16, AND TABLE OF 
IMPLICIT REAL*8 (A-H,0-Zl 
C0MM0N/ALP1/THETAC(1224).FACT!501 
FACT!11=1.DO 
on 3 1=2,50 
F1=I-1 
FACT!! I = FACT( I-1I*FI 
LMAX=16 
THFTAC(ll=DSiJRT!0.5D01 
00 4 LI=1,LMAX 
TLP1=2*LI+1 
TL=2**LI 
A=THETAC(1I*DSURT!TLP1I/TL 
LP1=LI+1 
ISUB=4*LI*LP1 
DO 4 MP1=1,LP1 
"I=MP1-1 
JSUB=ISUBt8*MI 
ANORM=A*DSQ.-<T! FACTILPl-wi)/FACT!LPl-frMIH 
LIM=IL1-MI1/2+1 
PHASF=-1.00 
IF12*!MI/21.NE.Mll PHAS£=-P 
00 2 1P=1,L IM 
NU=IP-1 
PHASE=-PHASE 

ASE 

THETAC!JSUB*lPI=ANJRM»PHASE*FACT(i 
1 -NUI*FACT{LP1-MI-2*NUI1 
CONTINUE 
THETAI=0. 
RETURN 
END 

V(L I-NUH 

OF ASSOCIATED 
FACTORIALS 

11 /!FACT!NU*1l*FaC 

ALPT0020 1 
ALPT0030 1 
ALPT0040 1 
ALPT0050 1 
ALPTD060 1 
ALPT0070 1 
ALPT0080 1 
ALPT0090 1 
ALPTOIOO 1 
ALPTOllO 1 
ALPT0120 I 
ALPT0130 1 
ALPT0140 ! 
ALPT0150 1 
ALPT0I6D 1 
ALPT0170 1 
ALPT0180 1 
ALPT019D 1 
ALPT0200 1 
ALPT0210 1 
ALPT0220 1 
ALPT0230 1 
ALPT0235 1 
ALPT0240 1 
ALPT0250 1 
ALPTG260 1 

T(LP1ALPT0270 ) 
ALPT0280 1 
ALPT0290 t 
ALPT0300 t 
ALPT0310 1 
ALPT032O I 

http://IOROER.EQ.il
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- m u I l l . t l - i . K l , g 4 6 L - - _ - x EB^QBA^•: G P I U L O B I l . u m £ : - l . R i O £ t S £ — 1 0 _ j 

3A A L P H = 0 . S I 'BROUTINE GRID I I G R I D . I O D O I G R I D D O I U 3^ ftL.-n-u. ^ . GRIDObOO | 
"^CALCULATES GRID OF POINTS - (EELECTING SYMi lETkY OF M 0 L F ; U L E , WHERE G R I D 0 0 2 0 DO 3 N P T - l . N O I V G R I O O M O | 

FUNCTION VALUES U I L L BE SA-«PLEO ___GRJJ>0020 L S P " " ^ * ' , . , „ - , * GRI 0 0 6 2 0 1 

- f ^ i S L l C I T R E A L « « I A - H , 0 - Z I G R T O O O A O S C ^ ' r ^ F ^ S L n . o ' ^ l s i N T - I . S I N 0 - , . C OS AL GR10063Q I 
C O H M O N / O U I 1 / ° O S I 3 , 3 0 I , R A D 1 U S I 3 0 I , T H E T A I 3 0 I , P H I ( 3 0 I , N A T D - ( S , N A T Y P E , GR1D30S0 CTH=CG STN«C.O SO-« SI NTN«S 1 NU.1«cOS AL . , i R i D 0 6 t O | 

1 . lUMTI 101 . N U C T I I O I , [ r S Y M B ( 1 0 I , I T Y P A { 3 0 , 1 0 I . l T Y P T ( 3 0 l , l T Y P n 3 0 1 , GR1D0060 C I G f t t l J O l - C T H G R r J 0 6 5 0 I 

1 N V A T ( 3 0 ) ^ , „ , „ , , , „ , G R 1 0 0 0 7 0 . . O I > = 1 . U O - C T H » C T H GR1D0560 I 
C O n i O N / C 0 N T B L / C R T Z R 0 , C « T 0 F G , I S T O P , I N T t R , L F L O U l 1 0 1 G R 1 0 0 0 8 0 i F ( R A D l X . L T . C R T Z R O I R A D l X - 0 . G R I D 0 6 7 0 | 
C n ' < 1 C N / G I R 0 Z R G R l D I 3 0 , 3 l , C T H G R I 1 4 A 7 l , P H l G R I l « ' . 7 I . N G R l D , N D l V G R I D 0 0 9 C v = 0SU« T I R AP I X I ^ G R T O O f S O n 

C O . ( v | 0 N Z X Y Z Z X G r i 4 4 0 l , Y G I 1 « 4 0 1 , Z Gl 1440 L , X I 30 1 , Y 1 3 0 I , Z I 30 I GRIOOIOO R S I - V ^ R C R ^ „ , , . . , , r „ , „ . 
D I M E N S I O N 1 A F L A G I 3 0 I G R I D O I I O I F ' " ' ^ NTN • t .CR TZR 0 GO TO 4 

G R 1 0 0 b 9 0 I 

' ' ' ' S " " A T . 3 O " " " ° " " ' " " ' " " ' ' " ' • ' • " • • • " " ' " ' ' ^ " ' " " " ' ^ V : ^ l " ^rioABt^DiBMll-UDJKGTr^RizPOl GO TO 30 ^ ^ ^ 1 

P I = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 7 9 3 C R 1 0 0 1 4 0 I F I W I 3 2 , 3 0 , 3 3 G R 1 0 0 7 3 0 I I W 1 3 2 , 3 0 , 3 3 ^ ^ ^ ^ 

^rM^ G R l ' o o 7 4 o i P I P 1 = 2 . D 0 * P I G K I O U I D U . . , . . . . . , , „ , 
A l - O T A N ( P 1 / 4 5 . D 0 ) G R I 0 0 1 6 0 GO TO 30 G R I 0 0 7 5 0 I 

A 2 . 1 5 0 . D 0 GP1O017O " " ' ! , ; P ° n . . r n , , u 1 ^ ~ G R 1 0 0 7 6 0 I 
I B A S E = 0 G C T o i S n O 3 " ' ' : i ^ ' * : : ° t ° ' " , G R I D 0 7 7 0 | 

NGr<!D = N D I V « N A T 0 1 S GRJ 0 0 1 9 0 SAri J u l l , l H ' o t l l u ^ G R I D O T S O I 
DO 4 4 I A = 1 , N A T O M S G R I 0 0 2 0 0 5 P H I G - P H I I I A I * P N N P H G R I D 0 7 9 0 | 
I F I R A D l U S t I A ) . L E . C R T Z R O ) NGRI D = NSR1 D-NO 1 V GR 1 002J10 GO TQ_g G R I O O B O O " ! 

CONTINUE G R I D 0 2 2 0 6 P H I G = P H I 1 I A ) 

I F 1 I G P 1 0 . E Q . 2 I I B A S E . N G R I D GR1D0230 CO TO ' G R I . J 0 8 2 0 I 
- 4 1 1 N D M 6 A S E ^ F P H S 7 P H I G . P H I I I A I - P N H P H GP 0 0 8 3 0 

F D I V = ND1V G K I D 0 2 5 0 GO TO 8 . G R 1 0 0 a 4 0 I 
T « * GRID C O N S I S T S OF A CIRCLE OF ' N O H I . POINTS ABOUT THE RADIUS Y E C T O R G R 1 0 0 2 6 0 4 PHIG=ALPH GR1DOB50 I 
. . . J O I N I N G EACH ATOM TO THE O R I G I N GR 1 0 0 2 7 0 8 PH IGR 1 I ND I • PH IG ^ G R | o O a 6 0 ~ ' 

0-1 5 0 1A=1 NATOHS ~ G R I D 0 2 8 0 IF I 1 0 0 0 . E O . 0 1 CD TD 53 r o i n o « 7 n 
50 ^ A F L A G U A U o ' ^ G R I D 0 2 9 0 ; • . » . COORDINATES OF INVERS I ON-SYHMt TR IC POINTS HloUll 
' U C c ' o G R I D 0 3 0 0 JNO=JNOl V*NPT " ° ° " ° 

U'O 1 I A = 1 , N A T O M S G R I D 0 3 1 0 CTHGR I JND l = - C T H ^ ^ ^ " g ' j g 
R I T - R A O I U S I l A l GRTDOT2O P H I G R ( J N D | . P H I G * P I r p O S Q ^ S 
; m ^ G T ZRUI GO TO 55 • i ' " ° ° 3 3 0 I F | PHI GR U N O ) . G T - P IP I ) PH I GR I ONO . - P H I G-P I i i ^ - J 

: ' - G R I D 0 3 4 0 53 CONTINUE F R o n p ^ n 
I n j n , G R I D O 3 5 0 X G I l N O ) = R S T . n C O S ( P H I G l ^ ° ; " ° " ° 

55 1° n o i o E Q . P I GO TO 5 1 G R I 0 0 3 6 0 YG ( I ND) = R ST .OS 1 Nl PHI Gl f S l o S ^ s S 
A F L i o A . E Q . O l GO TO 4 5 GR1D0370 ZG 1 I NU I =RCR.C TH H\oHlo 

,. „ n . . , n , G i r r 0 0 3 8 0 IF I I O O O . E O . O I GO TO 3 5 " ° " 5 ° 
r ; J T " ° ' " Oa'lD_lll^ ^ x i ^ o n ^ i l U N O r • ^ ^ 1 ^ 0 9 7 ^ 

- "GR100400 XGIJN0 1 = -XGI INDI 

"^^ ^ GRia0410 VG!JND1=-YG(IND 

" WAulkT'""" "°'°' enSi:^ 3; ;H:;:PH::;:OO.;I/FOIV frarooo-
INVAT!1A1 r-i>,n,̂ :̂,n , mMTlNUF GR1D1310 

GRID0430 1 CONTINUE 

GRI00440 IF ![GRID.NF.l| RETURN 
..,N0IV=IJA-1-IACC).NDIV.IBASF GK1U0430 ^J. N NO GR.U1020 

ALGORITHM FOR ANGULAR OPENING SUBTENDED BY GRIO CIRCLES SR1D0450 DO 10 1 = 1,NATOMS, GR1D1030 
X ! I ) = P 0 S ( 1 , I ) " " ' ' ~ ^ ^-"^I^lOt^ 

Y ( I ) = P ^ S ( 2 . 1 ) 

n P S I D F = A l * ! l . D 0 - Z I T / A 2 ) bK i i JU^^ou 10 Z I 1) =P ^S ( 3 , I ) G R I J 1 0 7 0 

I F ( I G R I D . F O . 2 1 0 P S I D E = 1 . 5 0 0 ^ 0 P S I 0 E — ^ ^ 2 - ^ ? - ^ • ^ ^ J ' ^ ^ ^ — — G R I 0 1 0 8 0 

[ T = I T Y P T I 1 A 1 ^ j K i u u t n u A . 1 » - r u 3 . i . , i . m i i i i n ' i O 
, . 1 ' _ ' V T T G R 1 0 0 4 7 0 Y ( I I = P - ' S ( 2 . 1 ) ^ ' ^ " J ^ ° ^ ° 
20 Z I T = N U C T ( I T 1 _ r - L - r n n ^ » n . ^ 7, M ^ P i ^ r ^ . I l ^ -R ID lObO 

HYPnT = D S Q R T I l . D 0 * O P S I D E * D P S l D E ) ' f ^ l ? ~ ! ^ ? ^ 
C 0 S 0 M = 1 . D Q / H Y P 0 T GRIDJ510 

GRID0520 SINnM=0P5IDE/HYPUT 

RGRIDI IA. 1G>JIOI=0.9DO<'RI T/COSOM &Ria0530 

RCR=PGRIO! 1 A,IGRID) GRID0540 

IF (IPOD.EU.l) RGRIQ( JA,IGRIDt=RCR ^ „ ^ GRI00550 

ASSIGNMENT OF GRID COORDINATES GRID0560 

C0STN=DC0S1THETA( [ Al ) GRI0Q57O 

SINTN=DSIN(THETA(IAI) 

http://-muIll.tl-i.Kl
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*** DETERMINES APPROPRIATE L-VALUES OF PROTUTYPE FUNCTIONS NEEDED FOR GROU0020 
*** THF MQLFCULAR SYMMETRY GROUP AN3 SUPERVISES CALCULATION OF EVEN ANGR0J0330 
:*** ODD REPRESENTATIONS. GROU0040 

IMPLICIT REAL*B (A-H,0-Z1 GR0UOO50 
DIMENSION IHOL! Ifll .LDEG! 141, IDE!?! GROUOOf.0 
DIMFNSION ISUMA(10I.JSOMA(7I,KSJMA(4).L1ARAY(10),L2ARAY!101,L2A(^1&RDU0070 
COMMON/CONTRL/CRTZRO.CRTDEG, ISTnp,INTER,LFLOW!101 GROJ0080 
COMMON/OUT 3/NRtP.NO EGA! 14l,lANGAl5,l4),IRtPAI32),I0Rj:R,LVALl, GROU0093 

1 LVAL2.IRTYP(14l,IRPAR(ltl,[nDD,IPL0WL(14l GROUOIOO 
DATA IH0L/4H (L ,4H (L=,4H= 11,4H= 2).4H= 31,4H= 4(,4H= 51,4H= olGROUOllO 
1,4H= 71.4H!^ 81.4H= 9I,4H101 .4H11) ,4Hl21 ,4H131 ,4Hi4l ,4H15t , GRDU0120 
-> /,H16) / GR0U0130 
DATA ISUMA/9,13,15.15,17,17,17,23,25,41/,JSUMA/4,8,11,15,1 9,23 . 25/GROUDl43 
l,KSUMA/9,13,15, 17/.LIAR AY/2.4.6.8,10,12.I 6,6,4,12/.L2ARAY/3,5.9.9.GROUOl50 
2 0,0,0,9.0,15/,L2A/1.3.3,5/ GR0U0160 

C»»»* L=4 IS DONE FIRST. THE RESULTING BEHAVIOR HELPS TQ DETERMINE WHICGROU0190 
C**** L-VALUES ARE NEEDED GROU0200 

IF (LVALl.tQ.01 GO TO 100 GRQU0210 
L=LVAL1 GR0U0220 
ASSIGN 110 TO NN Ga3U0230 
GD TO 40 GROU0240 

110 IF (lODD.EO.Ol GO TO 50 GRDU0250 
L=LVAL2 GR0U0260 
GO TO 30 GROU0270 

100 1SUM=0 GRDU0280 
IDE(l|-IHOL(ll GR0JO29O 
lOfc(21=IHOL(6) GROU0300 
LVALl-4 GRDU0310 
CALL PROSYM (',,I3E,NR,ISUM,LDEG,11 GRDU03 2 0 
IF (ISTOP.EO.11 RETURN GROU03 30 

C**** BRANCH TO APPROPRIATE L-VALUE CALCULATIONS GROU0340 
C**** TEST VALUE OF I SUM = SUM OF SQUARES OF DEGENERACIES OF E IGENVIfLUE SGROU0i50 
C**** FROM L=4 MATRIX GROU0360 

IFLAG-4 GROUO370 
IF (ISUM.LE.171 GO TQ 200 GROU0360 

C***# IF ISUM.GT.17, LOOK JP L VALUES IN TABLE, FIND PROTOTYPE FUNCTInNSGRQU0390 
DO 210 1=8,10 GRQU0400 
IE (ISUM.NE.iSUMAd11 GO TO 210 GR0U0410 
Ll = LlARAYdl GRQU0420 
IF (lODD.NE.OI L2=L2ARAY(II GROU0430 
GO TD 115 GROU0440 

210 CONTINUE GRUU0450 
115 L=Ll GRDU0460 

IF (L.EQ.4I IFLAG=2 GR0U0470 
ASSIGN 120 TO NN GRDU0480 
GO TO 40 GR0U0490 

c * * * * 
140 

155 

150 

170 
160 

161 

c * * « -
50 

40 

60 

41 

30 

c * * * * 
5 

eSQGEaa: GtiltJEQSi tiUUIL!lLi_aBaUE 

COMPARE ISUM.JSUM WIfH TABLES. LOOK UP L VALUES 
00 150 1=1.7 
IF dSUW.LQ. I SUMAII 1 . AND. JSUM.EQ.JSUMAII 11 GO TO 155 
GO TO 150 
LI = L1ARAY(I 1 
IF (lUDO.NE.Ol L2=L2APAY(I) 
GO TQ 160 
CONTINUE 
UO 170 1=1,4 

L1 = L 

L2=L2Ad 1 
GO TO 160 
CONTINUE 
IFILl.EO.LJ GO TO 161 
L = L1 
ASSIGN 161 TO NN 
IFLAG=4 
GO TO 40 
IF(lOOD.EQ.Ol GO TQ 50 
L = L2 
GU TO 30 
GENERATION OF SYMME TRY-A3APTED PROTOTYPE VECTflRS 
NRO=0 
LVAL2=0 
GO TO 5 
IDE! 1) = IH0L(H 
IF (L.GT.9! IDE!1I=IH0L!21 
IDt(21=IHnL!L*2I 
LVAL1=L 
CALL PROSYM ( L , IDE ,N,t , 1 SUM, LLlt G. I F L AG 1 
IF (ISTOP.EO.11 RETURN 
JSU«=0 
DO 41 1 = 1 ,NR 
JSUM=JSUM+LDfcG(11**2 
GO TO NN. (120,140,161,1101 
IDE!1I=IH0L(11 
IF (L.GT.91 I0E!11=IH0L(21 
IDE!21=IH0L!L+21 
LVAL2=L 
CALL PROSYM ( L,UE ,NRO, 1SUM,LDEG,4) 
IF (ISTOP.£0.11 RETURN 
SUMMARY OF SYMMETRY PROPERTIES 
NREP=NR+NRO 
CALL PHASER 
RETURN 
END 

EaG£___l2 1 

GR0U0610 1 
GR0U0620 1 
&R3U0630 1 

GROU0650 1 

GROUOSTO 1 

GROJ0690 1 

GROU0710 1 

GRaU0730 1 

GRDU0750 1 

5RQJ0770 i 

GRQU0790 1 

GROU0810 1 

GROU0B30 1 

GROJOaSO 1 

GR0U087Q ) 

GRDU0890 1 
GROU0900 1 
GRaU0910 1 

GROU0930 1 

G«3U0950 1 
GRQJ0960 1 
GR0U0970 1 
GR0U0983 1 
GR0U0990 1 
GROUIOOD 1 
GROJIOIO 1 

GRQU1030 1 

GR0U1050 1 

GROU1080 I 
120 IFdDOD.EQ.Ol GO TO 50 GROU0500 1 

L-L2 GRDU0510 1 
GO TD 30 GR0UO520 1 

Q,*,** FOP ISUM.LE.17.TRY ANOTHER L VALUE, FIND JSUM=SUM OF SQUARES OF GR0UO530 1 
C*»#* DISTINCT REPS. FOUND GROJ0540 1 

200 L=dSUM-51/2 GRDU0550 1 
IF ( ISUM/',.Eg.3)L = 4 GROU0560 1 
IF !ISUM.tg.151IFLAG=2 GRQU0570 i 
ASSIGN 140 TO NN GROU0580 ( 
IF (1SUM.EQ.13I GO TO 60 GR0U059D 1 
GO TO 40 GRUUU60U 



_liL!UIÎ Li-EtiJS:t!J- EEaaSAMl-GEmEQE^-

SUBROUTINE PKOSYM _(L, I DE,NR,I SUM,LOFGT,IFLAG I 
CALL PSYM IL.LL,THLMK,L.LL.THLMK.2 

&QUimLl_EBQSIM e & G £ — I i 

,KALC.RES.B.NMAX1 

IRREDUCIBLE REPRESENTATIONS SPAVINED 
ICAL HA3M0NICS . ^ _ _ ^ . ^ _ -

PROS0020 
PRDSD333 

PR0S0390 
PR0S0600 
PROSOblO 
PROS3&20 

IMPLICIT REAL*8 ! A-H 
REAL*8 LAbFL.LA3EL2 ilfrTnirTiiisr;;^!^^ 
COMMON/GIRL./RGRIO! 30,31 ,CTHGR( 1447 1 , PH 1 GR I 1 4471 , NGR I 0 ,N0 I V 
CDMMPN/CONTRL/CRTZRQ,CRTDEG. ISTOP.INTER,LFLOW(101 

PROS0060 
PROS0070 

CDMM0N/0UT3/NftEP.NDtGAl 1̂.1 
LVAL2,IRTYP(141,IRPAR(1 

COMMON/PROTCO/COPRO( "1802 1 .EVP(56) 
C0MMnN/PHASE/lFLGG(20 1, IPHASE 

, IANGA(5.14l,JREPA(321,IORDER,LVAL1. 
lODD, IRLOWLI141 

IREPL(25I.NEVALP(21 

COMMON/ASYMI/LA.MGRID.L3P1,LAPl,LADEG 
COMMON/FILES/1NPUT,lOUT 

PRDSOIOO 
PRDS3110 
PR0S0120 

REPRESENTATION 
CALL LINCO" (RES.EV.NDEG.NMAX.LL.C^ 
IDENT2!13l=IDEl11 "~ 
I0ENT2(141=IQE(21 
DO 30 1 = 1.LL 
LABEL21I1=H0L5 

B,NEVAL,IREPLT.Nft.LDEGTI 

MON/WQRKl/"DUMMY I 80001 
DIMENSION LABEL(50 I,INDFX(501.lOENT11 20 I.LDEGT[14).IDE(2 I, 

PR0S0140 
PROSOl^O 

30 I N D E X 2 d ) = I 
I F d N T E R . E Q . D C A L L MATPRT ( LL , 0 . I DENT2 .R E S 
DD 6 1 = 1 . L L 

b EV( I 1=PES( I 

rV.NMAX.L ABEL2,INDEX21 PRO5071O 
~' ~ PR0S07"20 

1 N0EGT(331.IREPLT(331 ,RES(50,50I ,EV(501,C(50,50 I,B(50,501.NOEG(53)PROSOl60 
DIMENSION IOENT2(2OI,LABEL2(50l,INOEX2!5QI PR0S0170 

VEN'T BEEN DEGRADED 

EQUIVALENCE IRES,DUMMY I,(EV,DUMMY!250111,!C,DUMMY(2551 I I, 
1 !B,DUMMYI5051I I.!NDEG.DUMMY(79751 I,(NEVAL .DUMMY!SOOO)I, 

PROS0180 
PRDSQ193 

"CHECK TO MAKE SURE DEGENERACIES HA 
CALL DEGEN !LL,EV,NDEGT.NEVALT ,CRTDEG I 
IF (NEVAL.NE.NEVALT I GO TO 7 
CALL SORTl (C,B.EV.NMAX.LL.NDEG.-NEVAL.IREPLTI 

PHOS0740 
PROS0750 
PROSOT60 
PRDS0770 

"(NDEGT, DUMMY (7551) I .( IR EPLT , DUMMY ( 7950 1 1, ( L A"tlEL , DUMMY I 7875 I I , 
3( IN0EX,DUMMY!7925I I ,(LA8EL2, DUMMY (7576 1 1 ,! I NUfc X2 , DUMMY ! 7(,26 !_)_ 
DATA IDENTI/4H MAT,4HRIX ,4HQF P,^H OVF, -" 
14HHARM,4HnNIC. 

PRDS0200 
PROS0210 

PRDS0780 
PROS07qO 

4HHERI .4*<CAL 

DATA I 0 F N T , ? / 4 I 
. ' tHOE F , 4 H I R 

M A T , 4 H R I X . 4 H 0 F 
,4H MAr,4HRIX ,a*4H 

PROS0220 
PR0S023Q 

INO=0 
IBASE=0 

4H' 0V,4HER E. IS1 = 
1SUB=0 

DATA H0L3/7H COS /.HOL4/7H 
EXTERNAL THLMK,ANTSYM 

SIN /,H0L5/7H PROS0260 
PR0SQ270 

NEVALPIll=NEVAL 
GO TO 13 

*** IF L IS ODD 
20 LA^MAXO!2,L/2*1I 

PROS0820 
PROS0830 
PROSOB40 

LINE UP PHASES OF ODD REPRESENTATIONS WITH EVEN ONES PROS0B6Q 

IF ! IFLAG.t.i.21 GO TO I 
lOENTl ! t L 1 = IDEd 1 
IDFNTl!12)=I0E(2I 
IN0EX(11= 

PROS3300 
PROS0310 

CALL WIG3J (LA,LA, 
MGR1D = NGR ID ^ 

PR0S0880 
PROS0890 

PROS0320 
PR0S0330 

L A B E L ! I 1 = H 0 L 3 
n o 6 0 M = 1 , L 

PR0S0340 
PROS0350 

LAPl = LA-fl 
LA0EG=2*LA*1 

PR0S0900 
PR050910 

L3P1 = 
CALL ADAPT (L , LL.ANTSYM,9,1. 

PR0S0920 
PROS0930 

PR0S0360 
PRDS0370 

I N D E X I M 
L A 6 E L ( M 2 I = H Q L 4 

PROS0380 
PROS0390 

DO 4 1 1 = 1 , N E V A L 
4 1 I R E P L T d 1 = I R E P L T ( I l^-NRT 

PR0S0940 
PROS0950 
PRQS0960 
PRQS0970 

60 LABEL(M2+ll=HaL3 
LL=2*L*1 

PROS0400 
PROS0410 

NREP = 
NEVALP(21=NEVAL 

KALC=1 
IE ( I003.Nt .0) KALC = 9 ^ ^ 
GENERATE CRUDE SYMMETRY VECTORS 
CALL ADAPT (L,LL,THLMK.KALC,1.1 DENT 1.11 
IF IL.NE.41 GD TO 1 
I5UM= 

PRQ50420 
PROS0430 

A S e * N E V A L P ! 1 1 
I S 1 = L L 1 

PROS0440 
PROS0450 

ISUB=IS1*IS1 
STORE VECTORS FOR LATER USE 

PROS0980 
PR0SD990 
PRDSIOOD 

PRDS1020 
PROSI030 

PROS0460 
PR0S0470 

13 00 15 1 = 1 , N E V A L 
15 I R E P L ( I * l B A S E l = I R E P L T d l 

•1=1,NEVAL 
[SUM=1SUM-»NDEG( 11**2 

PROS04S0 
PRDS0493 

IF (ISUf.NE.131 RETURN 
I IE !INTER.FQ.Ol GO TO 3 

" ^ ' PR0S0500 
PRGS0510 

WRITE ( 1 0 U T . 2 0 0 1 ^ ' ^ P R 0 S 0 5 2 0 
2 0 0 FORMAT ( / / ' DEGENERACIES OF EIGENVALUES FOR PROTOTYPE E U N C T I O N S ' / 1 P R O S 0 5 3 0 

WRITE ! I D U T , I 0 0 1 ( N D E G d 1 , 1 = 1 ,NF VAL 1 

n o FORMAT ! 1 6 I 5 

PROS0540 
P R 0 S 0 5 5 0 

0 0 4 0 1 = 1,NR 
4 0 N O E G A I I t I N D l = L D E G T ! I I 

" 0 0 1 1 J = 1 , L L " " 
E V P ( J + I S 1 ) = E V ( J ) 
DO 1 1 1 = 1 , L L 
I S U B = I 5 U B - * 

11 CQPROI ISUE 
RETURN 

1 
l=C(I,JI 

PROSllOO 
PROSlllO 
PRUS1120 

3 IF (ISTOP.FQ.lI RETURN 
(2*(L/2).NE.Ll GO TO aO 

" C A L C U L A T E SECOND M ' A T R I X OF SYMMETRY OPERATOR 

PRQS0560 
PROS0570 
PRDS0580 

IST0P=1 
WRITE dOUT,501 

PR0S1140 
PR0S1150 

50 FORMAT (IHl.'DEGENERACIES OF MATRIX 2 00 NOT AGREE WITH THOSE IN MPR0S116Q 
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IX 1. CALCULATION ABANDONED.') 
URN 

PRGS1170 
PR0S1180 C**^** 
PR0S1190 

] 

1 

c * * * * 

c**** 

1 
c * * * * 

c * * * * 

10 
2 

• c * * * * 

4 

3 

5 
c * * * * 

c * * * * 

6 
7 

CintiEiiJ: GfildLQEI - - ELiUlItlE.i_aQaei-

SUBROUTINE ADAPT (L,N,F2,KALC,MPAR,lOENT,IEPRO1 
SYMMETRY-ADAPTS SET OF PUNCTIONS DEFINED BY FUNCTION F2 
IMPLICIT REAL*8 (A-H,0-Zl 
COMMON/CONTRL/CRTZRO,CRTDEG,ISTOP,INTER,LFLOW!101 
C0MM0N/0UT3/NkEP,N0EGA(141,1ANGA(5,141,IREPA(321,1 ORDER,LVALl, 
L LVAL2,IRTYP(141,IRPAR(141,1000,IRL0WL(14I 
COMMON/FILES/INPUT,IOUT 
COMMQN/WORKl/DUMMY(8000) 
DIMENSION LABELI 501 .INDEX ! 501 ,1REPL6(501 , IDENTdDI ,RES( 50 
L EVI50l,C(50,50),f1!50.50),NOFG(50) 
EQUIVALCNCE (RES,DUMMY1,(EV,DUMMY(2501ll.(C,DUMMY!2551l1, 

.53). 

I (B,DUMMY!505 111,(LABEL.DUMMY!787511.(INUFX,DUMMY(792511, 
> (IREPLB,DUMMY(7950 1),(NOEG,DUMMY!79751),(NEVAL.DUMMY(80001) 
EXTERNAL F2,THLMK 
NMAX=50 
IF (IFPR0.EQ.21 GO TO 10 
CALCULATE CONNECTION MATRIX OVER BASIS FUNCTIONS 
CALL PSYM |L,N,F2.L,N,F?,1,KALC,RES,B.NMAXI 
IF (INTER.EU.ll CALL MATPRT (N,O.IDENT,RES,EV,NMAX,LAejEL. 
OliGONALIZE TO GET CRUDE SYMMETRY VECTORS 
CALL EIGEN {RES,B.N,EV,N,SRNQRM.NMAX> 
DO I 1=1.N 
DO 1 J=1,N 
IF (DABS(RES(I.Jl).LE.CRTZRO) RES(I.J)=0. 
CONTINUE 
FIND OEGENERACIFS 
r.AI I OEGEN (N.EV.NDEG,NEVAL,CRTOEG) 
SORT VECTORS BY DEGENERACY 
CALL SORTl (RES,C,EV,NMAX,N,NOEG.NEVAL.NDtG) 

IN3EX1 

IF (INTEfi.EO.il CALL MATPRT (N,1,I DENT,C,fcV.NMAK,LA6EL,INOEX1 
IF ( IFPRO.tQ.lJ RETURN 
DO 2 1=1.NEVAL 
IREPLBII 1=0 
LINE UP PHASES WITH PROTUTYPE FUNCTIONS 
DO 3 IPAR=1.2 
IF (MPAR.EO.O) GO TO 4 
IF (MPAR.EO.l.AND.IPAR.E0.21 GO TQ 3 
IF ( MPAP.EO.-LAND.IPAR .EO.l 1 GO TO 3 
LV=LVAL1 
IF (IPAP.EQ.?) LV=LVAL2 
IF (LV.EO.Ol GO TO 3 
LVD=2*LV-»1 
CALL PSYM !LV,LVD,THLMK,L,N,F2,2,-KALC,RES.B.NMAX) 
CALL LINEUP IN.IPAR) 
CONTINUE 
DO 5 1=1,NEVAL 
IF I IREPLB!I 1.EQ.Ol GO TO 6 
CONTINUE 
SORT VECTORS BY REPRESENTATION 
CALL SORTl lC,B,EV,NMAX,N,NDEG,-NeVAL,lREPLBl 
IF (IFPR0.EQ.21 RETURN 
UNDO ARBITRARY MIXING OF SETS BFLONGING TO SAME REP. 
CALL CLEAN (C,N.NDEG,NEVAL,IREPLB.NMAX,CRTZRO,01 
RETURN 
WRITE II0UT,7) (IREPLB(I),1=1,NEVALl 

_EatkL___li 

AOAPOOIO 

ADAP0030 

ADAP0050 

ADAP0070 

ADAP0090 

ADAPOUO 

ADAP0130 

ADAP0150 

AOAP0170 

A0AP0190 

ADAPa2lO 

ADAP0230 
AOAP0240 
AOAP0250 
ADAP0260 
ADAP02TO 
ADAP3280 
A"0AP0290 

ADAP0300 
ADAP3310 
AOAPO320 
ADAP0330 
ADAP0340 
AOAP035O 
AUAP0360 
ADAP037D 
ADAP038D 
ADAP0390 
ADAP0400 
ADAP0410 
ADAP0420 
AOAP0430 
ADAP0440 
ADAP0450 
ADAP0460 
ADAP0470 
ADAP0480 
ADAP0490 

ADAP0510 

ADAP0530 

A0AP0550 

1 ABANDONED.'//20I51 ADAP0570 

http://INTEfi.EO.il
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* BY F l , F2 ^ ^ — 
T M ^ I C I T RE A L * 3 ( A - H , 0 - Z 1 
r n M M n M / n i . T W P n - ; ! ^ . 3 0 1 . R A Q I U S ( 3 0 1 , THETA! 3 0 1 . P H I 1 3 0 1 , N A T O M S , N A T Y P E 

1 NUM?( 101 . .NUCT! 1 0 ) . I T S Y M B ! 1 0 ) . I T Y P A I 3 0 . 1 0 ) . I T Y P d 3 0 1 , I I Y P K 3 0 1 . 

2 I N V A T 1 3 0 ) ^ -— ^ S T -
C O M M O N / C 0 " " N T R L / C P T Z R 3 . CRT J E G . l STOP, I N T E R . L E L O W d O ) 

COMMON/GIB 0/RG^ I ĵ l̂ Oĵ i-'̂ '̂̂ '̂̂  * ̂ '^'^^ ' '''^ ̂ ^^ ' ̂ ''''^'' ̂ ^'*'°' 

~ ~ r O M M r N / A L P / R C R . " S 3 2 0 » , W , Y , L C 
D IMENSION F U N C 1 1 ! 1 0 0 I . F U N C T 2 ( 1001 
D I M E N S I O N I A F L A G ( 3 0 ) 
01 M ENSION RESINMA X . N l 1 , R ( N M \ X ) , _ 
EXTERNAL F 1 , F 2 
HOOTHF=a S Q R T ( 0 . 5 0 0 I , ^ .. ^ 

I B A S E = 

PSY '<3050 

I F ( I G R i n . e O . 2 ) I B A S £ = N & R I D 

4 1 I S U B = N 1 * N 2 
DO 31 1=1.ISUB 

31 Rd)=0. 

INO=IBASE 
1=1,NATOMS 

l A F L A G d 1 = 
PSYM0240 
PSYM0250 

LOOP OVER GRID POINTS 
DO 1 1 A = I , N A T OMS , ^ p . • , . , , , - , . „ 

" T f ( H A D I U S i i A ) . L E . C R T Z R O ) GO TO I o c v ! i ^ " ° 
I F ( I A H S ( K A L C I . N E . 9 l GO TO 3 
T r T l < f l r c / = 9 . T A K n j N l Y ONE ATOM FROM EACH I N V E R S I O N - S Y M M E T R I C P5YM028O 

P M R C O N T R I B U T I O N TO MATRIX ELEMENT FROM PTHEP flTO" I S 1 DENT ICALP SYMQ29Q 

I F ( l A F L A G d A I . E Q . O ) GO TO 5 O Q I M P " " 
I N D - I N D - * N D 1 V _ ^ _ ^ _ _ _ ^ - — 
GO TO 1 
J A = 1 N V A T ! I A I 
IAFLAG(JAI= 

RCR=1.D0/RGP1D(IA,IGRID) 

Sg20R=R0aTHF*RCR 

DO 2 NPT = 1 . N D I V 

PSYM0320 
PSYM3330 
PSYM0340 

I N 0 = 1 N D + 1 
CALL F l 1 L 1 . N 1 , F U N C T 1 . 

PSYM0360 
P 5 Y M 0 3 7 0 
PSYM03B3 
PSYM0390 

IFIKALC.LT.O) GU TO 39 

no 25 1=1,Nl 

PSYM0400 

PSYMa41Q 

PSYM0420 
25 FUNCT2d)=FUNCTld ) 

GO TO 24 ^ _ ^ ^ ^ ocv»f»t.̂ n 

-39 CALL F2 1L2,N2,FUNCT2,IN0) „^!I:°;„ 

PSYM0430 

24 ISUB= 
00 10 1=1,Nl 

LIM=I 

IF IKALC.LT.OI LIM=N2 

_0p 10 J=1,LIM 

ISUB=ISUB*1 

P$YM0450 

PSYM0460 

PSYM0470 

PSVM0480 

_PSYM0490_ 

PSYM0500 

10 R(ISUBI = R(TSUB1*FUNCT1(I)*FUNCT2(J) ^̂  _ ^''0|.10„ 

" • ~ "̂  ' PSYMJ52J 2 CONTINUE 

1 CONTINUE 

CLEAN UP MATRIX 

ISUB=0 ^ _ ^ 

PSYM0540 

PSYM0550 

00 20 1= 

LIM=I 

PSYM0560 

PSYM0570 

IF (KALC.LT.01 L1M=N2 
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DO 20 J=l ,LIM 
ISUR=ISUB+1 
IF !DASS(R(ISUB)).LE. 
RES!I,J1=R(ISUB) 
IF (KALC.GT.O) RES(J| 

20 CONTINUE 
RETURN 
END 

.CRTZRO) R(ISUB)=0. 

, I l=R(ISUBI 

__BQUILCiE:_ES]tU_ „£aG£_ _12 

PSYM0590 
PSYM0600 
PSYM0610 
PSYM0620 
PSYM0630 
PSYM0640 
PSYMOS50 
PSYM0660 

C**** 

10 

1 

Eaa&Eat]: t iEiatasi 

SUBROUTINE THLMK (L,LL,FUNCT, 
CALCULATES FUNCTION VALUES OF 
AT ORIGIN, EVALUATED AT GRID 

INOl 
REAL ; 

POINT ' 
IMPLICIT RFAL*8 !A-H,0-Z1 
COMMON/GIRO/RGRID!30,31,CTHGR11447 1 • 
COMMON/ALP/RCR,SQ20R,W.Y.LC 
DIMENSION FUNCT !40) 
DIMENSION C0SMP(301.SINMP(30) 
LC = L 
W=CTHGR(INO) 
RADIX=1.D0-W*W 
IF (RADIX.LT.1.D-81 RADIX=0. 
V=DSORT(RADIX) 
PHIX=PHIGR(INO) 
FUNCT(I)=THETAX(0)*SQ20R 
IF (L.EO.OI RETURN 
SINMP!1I=USIN(PH1X1 
COSMP!ll=DCrS(PHIXI 
DO 1 M=l.L 
IF (M.EO.l1 GU TO 10 
SINVP(M)=SINMPIM-1)*C05MP(1)* 
C0SMP(M1=C0S''P(M-1I*C0SMP!11-
M2 = M-fH 

dUUIitHL: ._ItlL[i!i 

iPHERICAL HAt<MONICS 
' INO' 

,PMIGRd447).NGRID, 

COSMPlM-1l*SINMPI11 
SINMP(M-11*SINMP(11 

FACTDR=THETAXIMI*RCR 
IF l2*!M/2 1 .NE .M 1 EACTOR = -FACTOR 
EUNCT!"2tll = FACTGR*C0SMP( Ml 
FUNCT(M21=FAC TOR*SINMP(Ml 
RETURN 
END 

CENTERED 

NDIV 

-EafiE___2Q 

THLMOOIO 
THLM0020 
THLM0030 
THLM0040 
THLM0050 
THLM0050 
THLM0070 
THLM0080 
THLM0390 
THLMOIOO 
THLMOllO 

THLM0130 
THL10140 
THLM0150 
THLMD160 
THLM0170 
THLM0180 
THLM0190 
THLM0200 
THLM0210 
THLM0220 
THLM0230 
THLM0240 
THLM0245 
THLM0250 
THLM0260 
THLM0270 
THLM0280 



- 4 
00 

PROGRAMi-^elHE.JKt -&JUIlH£l-Itl£IaH Ea£L — 2 1 gBJCMM 
Hî QBt aauTiHEi-aaiBRT e a a ^ — a z 

, . , „ , THETOOIO ..i.ROOTINF MATPRT | N, 1 EV . I DE NT . A. B . NMAX , L ABEL . I NDE XJ ^f^mlt 

FUNCTIliN J>iFlAX_.IJL! T u c T . , . M. l Y i THET0020 MATRIX OUTPUT ROUTINE MAIP0030 
• f r p r y r t J ' p E A L . B ' U H ° , " " ' " " THET0030_IMPL_KlLJ iEAL.8 l A - H . O - Z I ^ ^ ^ 0 
ll"..":-"..'.';^.^ .tJ.t.1l°,V ^.. , ...n. THETOOAb REAL.8 LABEL _ _ ^ ^ ^ . MATP0050 

MATP0060 

lSUB.e.Mt4.Lt|L»ll THtTOOTO SJlENsioN L AB EL I NMAX ) , INDEXI NMAX ) ^ S W o 6 W 

MAXIP-IL-MI/2»1 . jHEjooBo NFTNSO ^ ^ MATP0090 

"'" "MATPOIOO 

COMMON/ALPI/THETAC 112241,FACT I 50 I tHETOOSO rOMMDN/F1LESZ1NPUT,I OUT 
COMMON/ALP/RCR, SO 20R,X,Y,L THET0060 DIMENSION 1 DENT 1 20 1 , A ( NMAX, N 1, Bl N 1 

-4^^{ia^, .LE.l .D-M GU ,0-^ ^^]^TTZli:il.i NFIN.N "^,^^ 

^^^THETAX=JH_F_TA^X>THETACnSUB>IP).X..ILM2-2.IPJ 'iWil^-i^ ilW.lo.Oi GO I U^ ^ J T R O ^ S 

THETAX.THETAX.Y.»M THET0150 UPITF I IOUT,5) 

^^'"'.^ . . , . _ „ • T u . T . , . , R P , A r i l s n B > M A X n M THET0160 FORMAT I / ' EIGENVALUES.) -T iTTF , 2 M I L - M | / 2 I . E 0 . L - M , I HE I A X -HE TAC I I SUB.MAX I P ) JHEIOl^o ^ ^ ^ ' , ' , ^ , " " ^ B U l^ ^ ^ I NI T , NF I N . 

REIURN . ^ , „ . . T u i - r . r i . s u a . . | I . X . . L THEI0160 FORMAT | / I 2 X , 1 P(,E20 .1 0 I 
50 IF IM.EQ.Ol THETAX=THtTACl lSUS»l | .X . .L THET0190 WRITE I IOUT,71 

RETURN . THET0200 FORMAT (,• EIGENVECTORS'! 

HRITE I IOUT,21 LABEL I I ) , I N O E X l I ) , I A I I , J ) , J = N1NIT,NF1N) 

FORMAT ( / 1 X , A 7 , 1 H I , 1 2 , 1 H ) , 1 P 6 E 2 0 . 1 0 ) 
IF INF IN.LT .N) GO TO 1 
RETURN 

MATP02 40 
MATP025O 
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c * * * * 

c*»»* 

30 
31 

SUBROUTINE EIGEN (A.S,N,EV,NN,QN0RM2,NMAX1 EIGEOOIO 
JACOBI METHOD - DIAGONALIZES REAL. SYMMETRIC MATRIX '4', ST3RES EIGE0020 
EIGENVALUES IN 'EV, EIGENVECTORS IN 'S*. 'EV AND 'S' ARE SORTEDEIGE0030 
IN ORDER OF DECREASING EIGENVALUE. EIGENVECTORS ARE COLUMNS OF •SEIGE0040 
IMPLICIT REAL*8 (A-H,0-Z) EIGE0050 
DIMENSION A!NMAX,N1,S(NMAX,N).EV!NMAXI E1GE0060 
ROOTHF=DSOKTI0.500 1 EIGE007 0 
RHn=l.00-13 EIGE0080 
00 30 1=1,N EIGE0090 
S(I.II=1.D0 EIGEOIOO 
IF (I.EQ.NI GO TO 31 EIGEOUO 
K=ItI EIGE0120 
DO 30 J=K.N ElGEOi30 
S!I.J1=0. EIGE0140 
S(J.I)=0. EIGE0150 
TINT1=0. EIGE0160 
00 60 1=2,N EIGED170 
K=I-1 E1GE0180 
DO 60 J=1,K EIGE0190 

192 

198 
199 

215 

240 

c**»* 

M=K+1 
IF (M.GT.Nl GO TO 199 
00 198 I=M,N 
TINT1=A(K,I1 
A(K,I1=A!J, I1*SINT+TINT1*C0ST 

DD 2 15 I=1.N 
TlNTI = Sd .Kl 
S(I,KI=S(I.J)*SINT+S(I.Kl*CnST 
S( I,J) = S(I ,J)*C0ST-TINT1*SINT 
CQST2=C0ST*C0ST 
$INT2=SINT*SINT 
V4=2.D0*V2*SINT*CQST 
A(J,Jl=V1*C0ST2*V3*S1NT2-V4 
A(K,K)=V1*SINT2+V3*C0ST2+V4 
A(J,KI=0. 
CONTINUE 
THRESHOLD TEST 
IF (INO.NE.1) GO TO 260 

EIGE0590 

EIGE0610 

E1GE0630 

EIGE0650 

EIGE0670 

EIGE0690 

EIGE0710 

EIGE0730 

EIGE0750 

EIGE0770 

TINT1=TINT1*A(I.JI* 
THR=DSQRT(2.00*TINT1) 

EIGE0200 
EIGE0210 

EIGE0800 
EIGEOBIO 

8=N 
0N0RM2=THR*RH0/6 

EIGE0220 
EIGEQ230 

IF (THR.GT.0N0RM2I GD TO 90 
SORTING OF EIGENVALUES AND EIGENVECTORS 

IND=0 
THR=THR/B 

00 285 K=1,N 
DO 285 J=K,N 

EIGE0820 
EIGE0B30 
£IGE0e40 
EIGE0850 

IF (N.EQ.l) GO TO 310 
LOOP THROUGH OFF-DIAGONAL ELEMENTS 

EIGE0260 
EIGE0270 

IF (AIK.KI.GE.AIJ,Jl) GO TO 285 
TEMP = A(KtK) 

tIGE0860 
EIGE0e70 

00 240 K=2.N 
KK=K-1 

EIGE0280 
EIGE0290 

, K I ^ A ( J . J l 
A ( J . J 1 = T E M P 

DO 240 J=l,KK. 
IF (DA6S(A(J.K)).LE.THRl GO TO 240 
IND=1 

V2=A(J,KI 

UM=0.500*(V1-V3I 
IF (UM.NE.O.1 GO TO 155 
0MEGA=-1.D0 
GO TO 160 

155 OMEGA=-V2/DSQRT(V2*V2+UM*UM)*DSIGNd.DO,UMI 
160 RAD1X=1.D0-0MEGA*0M£GA 

IF (RADIX.LT.1.0-10) RADIX=0. 
SINT = RO0THF*0MEGA/DSQRT(1.00*0 SORT(RADIXI 1 
RA0IX=1.00-SINT*S1NT 
IF (RADIX.LT.1.D-10) RADIX=0. 
COST=DSQRT(RADIX) 
L = J-1 
DO 185 1=1,L 
T1NT1=A(I.Kl 
A( l,K)=Ad. J)*SINT+TINTl*COST 

185 A(I.J1=A(I,J)»C0ST-TINT1*S1NT 
L=J*l 
M=K-l 

EIGEOSOO 
EIGE0310 
EIGE0320 
EIGE0330 

* EIGE0340 

EIGEO350 
EIGE0360 
EIGE0370 
E1GED380 
E1GE0390 
EIGE0400 
EIGE0410 
EIGE0420 
EIGE0430 
EIGE0440 
EIGE0450 
EIGE0460 
EIGE0470 
EIGE0480 
EIGE0490 
E1GE0500 
EIGE0510 
EIGE0520 
E1GE0530 

280 
285 
310 

300 

00 280 L=1,N 
T£MP=S(L.K) 
S(L,KI=S(L,J) 
S(L,J)=TEMP 
CONTINUE 
DO 300 1=1,N 
EVd 1 = A( 1,11 
DO 300 J=1.N 
A(I,J)=S(I.J1 
RETURN 
END 

EIGEUB8U 
fcIGE0890 

EIGE09I0 

EIGE0930 
EIGE0940 
EIGE0950 
EIGE0960 
EIGE097D 
EIGE0980 

IF (L.GT.M) GO TO 192 
DO 191 I=L.M 
TINT1=A( I .K) 
A ( I . K I = A ( J , n*SINT*TINTl*COST 

EIGE05bO 
EIGE0570 

191 A(J,1)=A(J,ll*CaST-TINTl*SINT EIGE05S0 

http://iLlUIlMLl-E.ljt.a


0 0 

o 

£aUGB&:3- ._Q.Em£Ql i ] t - i : i Q m i t l t l - t J £ a L ^ l EaG£_ E a Q £ t i a a i _ ^ i E I d £ Q B l C - - b Q U I i a £ l - ^ £ I I -
SUBf tOUTINE DEGEN ( NMAT . EV .NDEG . " lEVAL , CRTOEG) 
UFTEPMINFS NUMIifcft Q. D I S T I N C T EIGENVALUES AND THEIR DEGENERACIES 
I M P L I C I T fiFAL*8 ( A - H , 0 - Z 1 
D I - ^ F N S I O N EV( NMAT) .NDEGINMAT ) " 
[ E V = 1 

DEGE0020 
OEGE3030 
0EGE0040 
DEGE0050 

I P 1 = ! E V + I 

N E V A L = N E V A L * 

DEGE0060 
OEGE0070 

SUBROUTINE SORTl ( H E S , C . E V , N M A X , N B A S I S , N D F G , N E V L L . ( A R R A Y ) SOPTOOIO 
S"1"RTS VECTP'^S IN" ASCENDING GKb"FR OF ELEMENTS OF M A R R A Y ' . " ""SCrRT0"0 20" 

_IF_J-JEV_LL . G J . G , SORTED VECTORS ARE STORED I N ' C . OTHE'<W[SF i'J S 0 H T 0 0 3 0 
' r : E S ' . aPHAYS ' F V , * N O E G ' ' . ANO ' l A R K A Y ' ARE RtCJRDERF"0^ S U R " T 0 0 4 0 
I ' ^ P L I C I T R £ A L * ^ l A - H . O - Z l S G P T 0 0 5 0 

{ I P l . G T . N M A T l GO TO 30 
= I P 1 . N M A T 

DECE0080 
0EG60090 

0 I 'PENSION " t S ( N M ^ x . N 8 A S I S ) , C ( ^ J ^ i A x , ^ J B A S I 5 1 . E V ( N B A S I 5 I 
O I - ^ E N S I O N I A R R A Y I N B A S I S I . N D G ( 1001 

DEGEOIOO 
EGEOllO 

IF !EV(IFV1/EV(JI . GT. CRTDEG. OR.EV( 1EV1/LV(J ) .L T . 1. DO/C-t TOEG I GOTO 4U£GE0l20 

DIMENSION NDT(1001 , 
NEVAL=IABS(NFVLL1 
I"BA"SE = 0 
I EV=0 

3 LDFG=LDEG*-1 ^ ^ 

4 N O E G ( N E V A L ) = L D E G 
IEV= lEV- t -LDEG 
GO TO 10 

3 0 N D E G ( N E V A L ) = L D E G 
NSUM=C ' 
0 0 5 I = l , N r v A L 

5 NSUM=NSUM+ND£G( I ) 

IF !NSUM.GT.NMATI NEVAL=NfcVAL-1 
RETURN 
END 

DEGE0140 
DEGE015Q 
DtGEOliO 
DEGEQ170 
DEGE0180 
OEGE0190 
UEGE0200 
OEGE0210 
Dt6E0220 
0EGeQ230 

IAMAX=0 
DO 2 1=1 ,NEVAL 
IF (lARRAYd).GT.IAMAXI IAMAX = IARRAYdl 

2 CONTINUE _ _ _ ^ 
DO 50 (=1,lAMAX 
JHASF=0 
30 51 jeV=l,NEVAL 
ND = NDEG(J£V1 
NDB=IARRAY(JEV) 
IF !NDB.NE.II GO TO 51 
IfV=lEVtl 
NDT! IEV) = NnH 
NDG!IEV1=ND 
00 5? M=1,ND 
lflM=lBASE+M 
JBM=JBASE-»" _ ^ „ _ _ ^ 
EVT(iaM)=EV!JBM) 
DO 52 J=1.N'<ASI5 

5? C!J.IBM)=RESIJ,JBM) 
lBASE = IftASE-*-ND 

51 J8ASE=JBASE+N0 " 
50 CONTINUE 
5 5 J = 0 

00 53 1 = 1,NEVAL _ _ ^ ^ _ 
1 ARRAY!Il=NOT(I 1 
NDEG! I) = NUG1 I ) 
NDI = NDEGII 1 
DO 54 M=1,NDI 
J=J + 1 

54 EVIJ1=EVT{JI 
53 CONTINUE 

I F I N E V L L . G T . O I RETURN 
DO 1 I = 1 . N B A S I S " ^~ • 
DO 1 J = 1 , N B A S I S _ _ ^ _ ^ _ _ 

1 R E S d . J I = C ( I . J ) 
RETURN 

. ( y o e G i f j D A S i s ) 5 0 p r o 6 ' 6 0 
Ŝ OR TO 3 7 0̂  
SQRT0080 
SORT 009 0 
SORTOIOO 
SQRTOl 10 
S0ftTJl20 

^__ SO R j;o 1 3^ 
S0RTO140 
SORT3150 
S0RT0160 
SORT0170 
SQRT0183 
S0RTQ19O 
S0RT0200 
S0RT0210 
S0RT0220 
SORT0230 
SGRT0240 
SORTOZSO 
SORT0260 
S0RT027O 
SORT02BO 
bQRTQ290 
S0RT030O 
S0RT03I0 
S0RT032D 
SQRT0330 
S0RT0340 
SORT0350 
S0RT0360 
SQRT0370 
S0RT0380 
S0RT039Q 
S0RT0400 
SURT0410 
SORT0420 

^ SQRr3430 
SORT0440 
SQRT0450 
SOKT04fcO 
SORT 0470 
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SUBROUTINE L INCOM I R E S . E V . N D E G . N D I M . L L . C . R . N E V A L , 1 R E P L . N R E P , L D E G ) L I N C O O I O 
TRANSFORMS MATRIX OF PROTOTYPE FUNCTIONS WITH CRUDE SYMMETRY V E C T O L I N C 0 0 2 0 
I M P L I C I T R E A L * a l A - H . O - Z ) L I N C 0 0 3 0 

0 0 4 1 K = 1 . L L 

D I M E N S I O N I R E P L ( 3 3 ) . L D E G ( 1 4 ) , I 5 K I P ( 3 3 ) 
D I M E N S I O N R E S ! N 0 I M , L L 1 , £ V ! L L 1 . C I N D I M 1 , R I N 0 ! M ) , N D E G ! N D I M ) 
C O M M O N / C O N T R L / C R T Z R O . C R T D E G . I S T O P . I N T E R . L F L O W d O ) 

I S U B = 0 ^ 
DU 7 J = 1 , L L 
I S K I P I J ) = 0 
I P E P L I J 1 = 0 
o n 7 1 = 1 , L L 
I S U B = ! S U B * 1 
K! I S U 6 1 = R E 5 ( I , J l 
NREP= 

5 0 0 0 5 1 = 1 , L L 
= 1 ,1 

5 R E 5 ( I , J l = 0 . 

NDI = NDEG( I 1 
I N D 1 C = 0 
N D I l = d + N D I - l 
I F ( I S K I P ( I 1 . N E . O ) GO TO 5 1 
NREP=NREP*1 
IREPLI II=NREP 
LDEG!NREP1=NDI 
CALCULATE BLOCKS ALONG DIAGONAL 

51 DO 2 M = I l.NDIl 
MIND=!M-11*NDIM 
DO 2 N=IIfM 

ISU6=0 
NIND=(N-1l*NOIM 
DO 21 I 
LPNIND^ 

= l.LL 
4-NIND 

00 21 K=1,LL 
ISU6=ISUB*1 
IF (RdSUBl.EQ.O.l GO TO 21 
A=A*C!KVM1NDI*I^(ISUB1*C(LPNIND) 

21 CONTINUE 
IF (DABS!A).LE.CRTZRO) A=0. 

CALCULATE OFF-DIAGONAL BLOCKS WITH SAME DEGENERACY 
IF 1 I .EQ.NEVAL) GO TQ 1 . 

0 0 3 J=IP1.NEVAL 
NDJ=NDEG!J) 
IF (NDI.NE.NOJI GQ TO 3 
NDJI=JI*N6"J-I 
DO 4 M=J1.NDJ1 
MIND=(M-1l*N01M 
00 4 N=I1.N0I 1 

NIND=(N-1)*NDIM 
DD 41 L=1.LL 
LPN1ND = L*-NIN0 

ISUB=ISUBtl 
IF |R! ISUBI.EQ. 0. ) GO TO 41 

LINC0040 
LINC0050 41 CONTINUE 
LINCOD60 

C!K+MIND1*R(ISUB1*C(LPNIN0) 

IF lOABS!A).LE.CRTZRO) A=0. 
4 RES(M,N1= 

LINC0060 
LINC0090 
LINCOIOO 
LINCOllD 
L INCO 12^"" 
LINC0130 
LINC0140 

IF ! ISKIPI I I.EQ.l1 GO TO 
DO 40 M=J1.NDJl 
IF (DABS(RES(M,I1)l.GT.CRTZROl GO TO 42 

40 CONTINUE 
GD TO 
ISK1P(3I=1 
1R£PL(J)=NREP 
J1=J1+NDJ 

LINC0160 
L1NC0170 

I1=I1*NDI 
CONTINUE 

L1NC0180 
LINC0190 

DO 6 I = I.LL 

LINC0200 
L1NC0210 

RES(J,I)=RES(I.J) 
RETURN 

LINC0220 
LINCO230 
LINC0240 
LINC0250 
LINC0260 
LINC0270 
LINCO280 
LINC029Q 
LINC0300 
CINCQ310 
LINC0320 
LINC0330 
LINC0340 
L1NCQ350 
LINC0360 
LINC0370 
LINC038D 
LINCQ39Q 

LINC0420 
LINC0430 
LINCa440 
LINC0450 
L1NC0460 
LINC0470 

L1NC0500 
LINC0510 
LINC0520 
LINCQ53Q 
LINC0540 
L1NCQ55Q 
LINC0560 
LINC0570 

L1NC0590 
LINC0600 
LINCOblO 
LINC0620 
LINC0b30 
LINC0640 

LINC0660 
LINC067Q 
LINC068O 
HNC0b90 
LINC0700 
L1NC0710 
LINC0720 

LINC0740 
LINC0750 
LINC0760 
LINC0770 
LINC0780 
LtNC079Q 
L1NC0800 
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SUBROUTINE W I G 3 J ( L 1 . L 2 . L 3 , I STOP) SUBROUTINE W I G 3 J I L 1 . L 2 . L 3 , 1 S I UP) ^ 
' CALCULATE ALL NON-REDUNDANT 3 - J SYMBOLS FOR G IVEN L -VALUES 

I M P L I C I T R E A L * a ! A - H . O - Z I 

PHASE 

WIG30020 
WIG3003O 

1 *FACT(N6tKl*FACT(N7 + K)( 

5 PHASE=-P 

/ I F^rw^^PM»ACTINI-.|.FACTlN3-X).FACIIN4-K) ^|.»|5» 

WIG30610 

COMMON/WIGNtR/S3J( 17,171,Z3Jd7. 171 
COMMON/FILFS/INPUT.IOUT 
COMMON/ALPl/THETACd?24I.FACT(50) 
IF !L3.GT.L1+L2.QR.L3.LT.IABS!L1-L211 GO TO 100 

' CURRENT VERSION ASSUMES L1=L2=EVEN 
IF I H.NE.L21 GO TO 100 
MARK=0 
L3HF = L i/2 

WIG30040 
WIG30050 
Wl&300bD 
WIG300T0 

^ PRnO=FACTnR*SUM 
IF InAftSIPKOPI.LE.I.00-

HIG30620 
IIG33630 

WIG30080 
WIG30090 
HIG30100 
WIG30110 

f F ! M A H K . E ' 3 . 0 1 GO TO 3 
Z 3 J ! M S U B 1 . M 3 P I ) = P R 0 0 
GO TO 2 

3 S 3 J I M S U B 1 . " 3 P 1 ) = P R 0 D 
~ 2 CONTINUE 

RETURN 

W I G 3 0 6 4 0 
W I G 3 0 6 5 0 

" W I G 3 0 6 6 O 
W I G 3 0 6 7 0 

I F ( 2 * L 3 H F . N E . L 3 1 MARK=1 
__LPl = L 3 M _ 

w l f i 3 & l 2 i J 
W1G30130 

L I P 1 = L 1 * 1 L 1 P I = L 1*1 
C»»<.<= LOUP OVFR RESTRICTED RANGE OF M-VALUES 

0 0 2 M 3 P 1 = 1 , L P 1 ~ ~ 
M 3 = M 3 P I - 1 

MIG30140 
WIG33150 
WIG30160 
WIG30170 

M 0 2 = M 3 / 2 
M 1 M 1 N = M 0 2 * 1 , ^ 
I F ! 2 * M O ? . N E . M 3 ) M l M I N = M D 2 + 2 
on 2 M1P1 = M 1 M I N , L 1 P 1 ^ 
M 1 = M 1 P 1 - 1 
M2 = M3-M1 
M S U B l = T A B S ! M 2 - M l l / 2 + l 

C * * * * COMPUTATION OF 3 - J SYMBOL FOP GENERAL ARGUMENTS 
~ N T " = L l t L 2 - L 3 

N l l = L I - L 2 - « - L 3 . ^ 
N12=L2-L1*(.3 
N2 = LH-M1 ^ 
N3=L1-M1 
N4=L2*M2 . ^ • 
N5=L2-M2 
N6=L3»M3 ^ 
N7=L3-M3 
N3=L1*L2*L3*1 

W1G30180 
W1G30190 
WIG33230 
W1G30210 
WIG30220 
WIG30230 
WIG30240 
WIG30250 
WIG30260 
WIG30270 
WIG302B3 
WIG30290 
W1G3O30Q 
HIG33310 
WIG30320 
WIG30330 
WIG30340 
W1G30350 

FACT1R-iFACT|NUll*FACT(NlUll*FACT(N12^11/FACT(Na^-lll*FACTIN2*U WiG303b3 
1 »FACTIN3tL)*FACT!N4*l)*FACT(N5^1)*FACT(N6*l)*FACT(N7^1) WIG30370 

FACTOR=DSQRT!FACTOR) 
LLM=L1-L2-M2 

WIG30380 
W1G30390 

L L ' I - L 1. — L ^ -I-l J . . — 

IF (2*(LLM/21.NE.LLM) FACTOR=-FACTQR 
N6=L3-L2*M1 ^ .̂ 
N7=L3-L1-M2 
KMIN=MAX0(0.-N6,-N7) ^ ^ 
KMAX=M!N0(N1,N3,N4) 
N1=NH-1 ^ 
N3=N3*1 
N4=N4*1 
N6=N6*1 
N7=N7*1 — 
SUM=0. 
IF (KMIN.GT.O) GO TO 4 _ _ 
SUM=l.D0/(FACT(Nt)*FACT(N3)*FACT(N41*FACT(N6)*FACT(^J7)l 

IF (KMAX.EQ.Ol GO TO 6 
\ PHASE=1.D0 _ ^ ^ -̂  
IF (2*(KMIN/2).NE.KMIN) PHASE=-1.D0 
no 5 K = KMIN.KMAX ^ 

WIG30400 
WIG3041Q 
H1G30420 
WIG3043Q 
MIG30440 
WIG30450 
MIG3U460 
WIG3347Q 
WlG304eO 
WIG30490 
WIG30500 
WIG3Q51Q 
MIG30520 
WIG3Q53Q 
HIG30540 
WIG30550 
WIG30560 
WIG3057D 

***# ERROR MESSAlit: 
100 WRITE ! (OUT,1011 ^ ,, -^,,.-
101 FORMAT (//• ILLEGAL ARGUMENT INWIb3JM 

ISTQP=1 ^ ^ 

Wl&30bB0 
W1G30690 
WIG30/0U 
WIG30710 
W1G30720 
H1G3Q730 

RETURN 
END 

WIG30740 
WIG30750 
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FUNCTION SYM63J ( M 1 , M 2 T M 3 ) 
ASS IGNS PROPER PHASE TO 3 - J SYMBOL WHERE L3 I S ODD. 
I M P L I C I T R E A L * B ! A - H , 0 - Z 1 

SYMB0020 
SYMa3330 

SUBROUTINE ANTSYM (L3 , LL3.FUNCT,INOI 
CALCULATES VALUE OF ANTISYMMETRIC PRODUCT OF PROTOTYPE FUNCTIONS 
1 MPLICIT REAL*a (A-H,0-Z) 

COMMON/WK.NER/S3J(17,17).Z3JdT.17) 
M3P1 = I ABS(M3H-1 

SYMB0040 
SYM80050 

COMMON/ASYMI/L.NGRID.L3P1,LP1,LL 
DIMENSION FUNCT(50),SSIN1133),SSIN2{33),$COS1(33|,5C352!33). 

ANTSOOIO 
ANTS0020 
ANTS0Q3O 
ANTS0040 
ANTS0050 
ANTS0060 MSUB=IABS!M2-Mll/2tl 

5YMB3J=Z3J(MSUB.M3P1I 
SYMS0060 
SYMB0070 

1 F U N I I 5 0 ) , F U N 2 ( 5 0 1 
DATA R Q O T H F / 0 . 7 0 7 1 0 6 7 8 1 I 8 6 5 4 7 5 / , R T H F D / 7 . 0 7 1 0 6 7 8 1 1 8 6 5 4 7 5 2 / 

I F ( M 2 . G T . M 1 ) S Y M a 3 J = - S Y M B 3 J 

RETURN 
SYMB0083 
SYM80090 

CALL THLMK ( L , L L . F U N l , I N D 1 

I N02 = 1 N D - N G P I O 
CALL THLMK ! L , L L , F U N 2 , I N 0 2 I 

S S I N 1 ( L P 1 I = 0 . 
S S I N 2 ( L P l 1 = 0 . 
S C 0 5 1 ( L P 1 1 = F U N 1 ( 1 I 
S C 0 S 2 ( L P 1 ) = F U N 2 I 1) 

P H A S E = l . D 0 
n o 1 M = 1 , L 
PHASE=-PHASE 

A N T S 0 0 8 0 
A N T S 0 0 9 0 
ANTSOIOO 

A N T S 0 1 2 0 
ANTS0130 
ANTS0140 

ANTS0160 
ANTSQ170 
ANTS0180 

M2P1=M2*1 
MM=LP1-
MP=LP1* 
S S I N 1 ( M M I = - E U N I ( M 2 1 « R 0 0 T H F 

S S I N 2 ( M M ) = - F U N 2 { M 2 ) * P Q O T H F 
S S I N 1 ( M P ) = - P H A S E * S S I N 1 ! M M I 

SS I N 2 ( M P ) = - P H A S E * S S I N 2 ( M M I 
S C 0 S 1 ! M M | = F U N I I M 2 P 1 l * H O O T H F 

S C 0 S 2 ( M M 1 = F U N 2 ( M 2 P 1 1 * R O O T H E 
S C 0 S 1 ! M P ) = P H A S E * S C 0 S H M M ) 

1 S C O S 2 ! M P I = P H A S E * S C O S 2 ( M M ) 

0 0 2 M 3 P 1 = 1 , L 3 P 1 
M3=M3P1-1 
IF (M3.GT.0) GO TO 4 
5UM=0. 

ANTS0200 
ANTSa210 
ANTS0220 

ANTS0240 
ANTSQ250 
ANTS0260 
ANTS0270 
ANTS0280 
ANTS02qO 
ANTS3300 
ANTS0310 
ANTS0320 
ANTS03J0 
ANTS0340 
ANTSD350 

PHASE=-1.D0 
00 5 M1=1.L 
K=M1+LP1 
PHASF=-PHASE 
SYMB=SYMB3JIM1.-M1,0)*PHASE 

5 SUM=SUM*!SS1N1!K)*SC0S2(K1-SCQS1!K1*SSIN2IK)1*SYMB 
FUNCT!11=SUM*10.D0 
GO TO 2 

4 M32=2*M3 
SUMA=0. 
SUMC=0. 
DO 3 K=1,LL 
M1=K-LP1 
M2=M3-M1 
K2=M2*LP1 
IF (K2.GT.LLI GD TO 3 
SYMB=SYMB3J!M1,M2,M3) 
SUMA=SUMAt!SC0S1!K1*SSIN2!K2I+SS1NI!K1*SC0S2IK2 11*SYM3 
SUMC = SUMC*-! SSIN1!K1*SSIN2(K2I-SC0SIIK l«SCOS2(K2 1 1»SYMB 

3 CONTINUE 

FUNCT(M3 2*1I=-SUMA*RTHFD 
2 CONTINUE 

RETURN 

ANTS0360 
ANTS037O 

ANTS0390 
ANTS0400 
ANTS0410 

ANTS0430 

ANTS0450 
ANTS0460 
ANTS0470 

ANTS0490 
ANTS0500 
ANTS0510 
ANTS0520 
ANTS0530 

ANTS0550 
ANTS0560 
ANTS0570 
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SU° iKnuT IML L I N E U P ( NB ft S I S . I PAR 1 
UP SY'^MFTiY VECTORS WITH 

P L I C I T H F A l * 8 I A - H , 0 - Z 1 
PROTOTYPE FUNCTIONS L 1 N E 0 0 2 0 

L I N E 0 0 3 0 

I S U B K = I S U B l + K 
I F ( C O P R H ! I S U B K I . E Q . O . I GO TO 60 
KSU8 = K-N01M _ ^ 

L I N E " 0 6 0 0 
L I N E O b l O 

COMMON/C.'.'NTi^L / C R T Z R O , C R T D E G , I S T O P . I N T t R , L F L O W ! 101 
C 0 M M 0 N / U U T 3 / N K F P . N D E L . A 1 1 4 1 , I A ^ ^ G A ^ 5 . 1 ^ 1 . I R E P A ! 3 2 ) , I D R 3 ; R 

1 L V A L 2 , I K T Y P ! 1 4 ) . I R P a P ( 1 4 | . I ODD. I R L 0 W L d 4 1 . 
COMMnr^/PROTCO/COPRO! 1 8 0 2 ) . F V P ! 5 6 1 . I R F P L I 2 5 I . N E V A L P ! 2 ) 

L = l . N i 3 A S I S 
KSU9=KSUB+N01M 

L I N E 0 6 2 0 
L I N E Q 6 3 0 

L I N E 0 0 6 0 
L I N E 0 0 7 0 

= AtCOPRO( I S U B K ) * 
6 0 CONTINUE 

•!KSUBI*=C! JSUBl* LINF3640 
LINE0650 

OMMON/PHASF/IFLAG 120),IPHASE 
CO'^"ON/F ILES/INPUT,IUUT 
COMMON/WORKI/DUMMY(8000) 

DI -iENSION P! 25001 ."EV! 50) ,C(250O) . R ECON ( 5 ,'̂  1 , CL! 5, 5 ). TEMP{ 5 ), 

EQUIVALENCE (P.DUMMY) .(EV.DUMMY I 2501)).(C,DUMMY(2551)1, 

1 (RECQN,DUMMY!505111.[CC.DUMMY(50761I,!TEMP,DU«MYI5101I 

LINE0080 
LINE0090 
LlNEOlOO 

IF !DABS(AI.LE.C«TZROI 

RECON(M 
IF !M.GT.1) GO TO 9 

TEST FOR NCN-ZFRO ELEMENT 
= 1 ,Nni 

IF !DAriS!RECON(l,N)).GT.1.0D-7) GD TO 19 

L"INE0140 
LINE3153 

CONTINUE 
L A B t L T = L A B F L 

" ( I R E P L B , D U M " Y (79""50) I , ! NOEGQ. DUM^y ( 79 75 ) I . (NEV AL S. DUMMY ! 80 DO 1 1 L I N E O I b O 
DATA 1 P H 0 L / 4 H ^ A S 1 , 4 H S FN ,4HPR0T , 4 H . F N . , 4HP>^nT . 4 H . F N • , 4H NOT , ^tHHl N L I N E J 1 7 0 

GO TO 3 
IF INTERACTION IS N O N - Z E R O , L I N E UP PHASES 

L I N E 0 1 8 0 
L I N E 0 1 9 0 

""19 IF ! I P H A S E . N F . l . O R . I FL AG ( L A B E L ) . EQ.O I GO TO 4 0 
I P T Y P E ! I l = I P H r i L ( 7 1 

L 1 N E 0 7 4 0 
L I N E 3 7 5 0 
L I N E 0 7 6 0 
L I N E 0 7 7 0 

I P l = l P H A S E t l 
I P T Y P E d l = I P H O L ( 2 * I P H A S E * 

LINE0200 
LiNE0210 

1PTYP£!2"1 = I P H 0 L I 8 ) 
i,n IE ( I N T E R . b ' J . 1 1 WRITE I I O U T . 3 0 ) I , I P T Y P E 

I P T Y P E ( 2 1 = I P H U L ( 2 * I P H A S E * 2 1 
NEVftL = NEVALP( I P A R ) 

LINE022O 
LINE0230 

~30 FORMAT (//• PHASE CONNECTION MATRIX FOR EIGENVALUE NO. 

L1NE3TB0 
LINE0790 

.2Ai.LlNE0B03 

REPHASED.*/1 

LL=2*LVAL1*1. LINE0240 
LINE3250 

I R E P L B d ) = LAbEL 
9 ALAM=0. 

ISUB=0 

1F(IPAR.EQ.lI GO TO 

LINE326D 

LINE0270 

DO 10 N=1,ND1 
10 ALAM=ALAMtPECON!M,N)* 

LINE 0820 
LINE0a30 
LINE0840 
LINE0850 

IBASE=NEVALPI11 
1SUB=LL* 

T h M P ( M l = O S Q * T ! ALA.MI 
( I N T E R . E Q . O l GO TO 50 

L I N E 0 8 6 0 
L I N E 0 8 7 0 

L L = 2 * L V A L 2 * 1 LINfc03CiO 
L t N E 0 3 1 0 

IF I I P H A S t . N E . I I GOTO 45 
I F ( I F L A G I L A a E L I . N F . O l L A B E L T = L A B E L 

0 0 6 1 I F V = 1 , N E V A L 
6 1 J F L A G I 1EVI=^0 

o n 1 I = l , N F V A L a 

L1NE0320 

LINE0330 

IPTYPE(11=1PH0L(3I 
IPTYPE!2)=IPH0L(4I 

NOI=NDEGR(I I 
Il = -1 
LAUELT=0 

LINE0340 
LINE0350 

IMM=I1-

WRITE (10UT,351 I MM, (RECONIMTNI.N = 1,NDI1 

LINE03faO 
LINE0370 

35 FORMAT (« STO. FN. ',12,1P5E20.10) 

50 IE ! IPHASE.£0.3) GU TO 1 

NEVAL 
L A a E L = I R E P L I I E V » I B A S t ) 

* N O E G = N D E G A l L A B F L I 
I F I N D E G . N t . N D I . O H 

LINE03aO 
LINEQ390 

CONTINUE 

DO 11 

LINE0940 
LINE0950 
LlNfcO'9 60 

. L A b E L T . E Q . L A B E L 1 GO TO 3 

L I N E 0 4 0 0 
L I N E 0 4 1 0 

DO 1 1 N = 1 . N O 1 
1 1 _ C C _ I N . M | = R E C 0 N ( M , N ) / T E M P I Ml 

GO TD ( 5 1 , 2 0 0 . 3 0 0 . 5 1 1 . I P I 
o n I F I I R E P L B d I . N E . O . A N O . I F L A G I L A B E L I . N E . O ) GO TO 1 

Gn TO 5 1 "~ — -
100 I E ( J F L A G ! I t - V ) . F Q . 1) GO TO 3 

L I N E 0 4 2 0 
L I N E 0 4 3 0 
L I N E 0 4 4 0 
L I N E 0 4 5 0 
L I N E 0 4 6 0 

( I P H A S E - 1 1 2 0 , 2 6 , 2 8 
qpTATE PROTOTYPE FUNCTIONS PARALLEL TD F I R S T OCCURRENCE OF THAT 

" VALUE) "^ " 

I P T Y P F ( 1 ) = 1 P H 0 L ( 3 1 
| P T Y P E ( 2 ) = I P H O L ( 4 ) 
f p ' ( I F L A G I L A R t L l . E Q . O l GO T U " 5 1 L I N E 0 4 6 0 
I P T Y P E d M IPHOL ( 1 1 _^__^^ H N E 0 ^ 9 0 
I P T Y P E ( 2 ) = I P H J L ( 2 I L I N E 0 5 0 0 

* * CALCULATE BLHCK CONNECTING SYMMETRY-ADAPTED SET OF ATOMIC F U N C T I O N L I N E 0 5 1 0 
* * WITH SY ' "METPIZEO PROTOTYPES OF SAME DEGENERACY ^ ^ ' L 1 N E 0 5 2 0 
5 1 DO 5 M = 1 , N 0 1 L I N E 0 5 3 0 

I S U B 1 = ! ! l t M ) * L L * I S U S 
UO 7 N = 1 , N 0 I 
JSUR 1 = ( J I + N ) * N 0 I M 
A = Q . „ 
DO 6 0 K = 1 , L L 

L I N E 0 5 4 0 
L I N E 0 5 5 0 
L I N E 0 5 b O 
L 1 N E 0 5 7 0 

^^-* R E P . (LOWEST 
24 I F 1 I F L A G ( L A B E L ) . N E . O ) GO TO 20 

Gn TO 27 
26 I F d F L A G ( L A B E L l . N F . O | GO TO 3 
2 7 I S U « 2 = I S U 0 * 1 1 * L L 

DD 2 1 K = 1 . L L _^_^^__^_^_ 
I S U B 2 = I S U B 2 + 1 
no 22 N=I ,NOI ^ , 
A = 0 . 
I S U B l = I S U f l 2 
DO 2 3 M = l . N D i 

isuai=isuaitLL 
23 A = A + C O P R O d S U B l l * C C ! N , M | 

I F ( D A B S I A I . L E . C R T Z R O ) . A = 0 . 
22 T E M P ( N ) = A 

L I N E 0 9 9 0 
L I N E I O O O 
L I N E I O I Q 
L I N E 1 0 2 0 
L I N E 1 0 3 0 
L I N E 1 0 4 0 
L I N F 1 3 5 0 
L I N f c l 0 6 0 
L I N E 1 0 7 0 
L 1 N E 1 0 8 0 
L I N E 1 0 9 Q 
L I N E l l O O 
L I N E 1 1 1 0 
L i N E l l 2 0 
H N E I 1 3 0 
L I N E 1 1 4 0 
L I N E 1 1 5 0 
L I N F 1 1 6 3 



24 
21 

20 

14 

13 

15 
12 

3 
1 

ISUB1=ISUB2 
00 24 N=1.N0I 

COPROIISUBI)=TEMP(Nl 
CONTINUE 
JFLAG(IEV)=1 
GO TO 3 
ROTATE BASIS VECTORS PARALLEL TO PROTOTYPE VECTORS 
JM2=J1*NDIM 
DO 12 K=l .NBASIS 
JM2=JM?+1 
DU 13 N=1,U0I 
A = 0. 
JMl=JM2 
DO 14 M=1,NDI 
JM1=JM1+N0IM 
A=A+CIJM1|*CC(M,N) 
IF (OABS(A).LE.CRTZRO) A=0. 
TeMP!Nl=A 
JN1=JM2 
00 15 N=1,NDI 
JN1=JN1+N0IM 
C(JN1I=TEMPINI 
CONTINUE 
GO TO 1 
I 1 = 1 1 + NDEG 
Jl=Jl+NDI 
RETURN 
END 

LINE1170 
LINE1163 
LINE1190 
LINE1200 
LINE1213 
LINE1220 
LINE1230 
LIME1240 
L1NE1250 
LINE1250 
LINE1270 
LINE1280 
LINE1290 
LINE1300 
LINE 1310 
LINE1320 
L1NE1330 
LINE1340 
LINE1353 
LINE1360 
L1NE1370 
LINEI380 
LINE1390 
L1NE1430 
LINE1410 
LINE1420 
LINEI430 
LINE 1440 
LINE1450 

« 

c**** 

6 
c * * * * 

30 

35 
40 

c * * * * 

1 

SUBROUTINE PHASER 
ROTATES PROTOTYPE FUNCTIONS INTD STANDAI 
IMPLICIT REAL*8 (A-H,0-Z1 
REAL*8 LABEL 
COMMON/OUT3/NREP.NDEGA( 141.iANGA(5 , 141. 

. ii2UIiSl£: 

*D PHASE (AX 

EtiaS£B 

ISI CHOICE. 

IREPAI321 ,iaR3;H, 
I LVAL2,IRTYP!141,IRPAP(14 1.lODO,IRLOWLI141 
CC^MON/PROTCO/COPRO(1802 1,EVP(561,IREPL(251,NEVALP(21 
COMMON/CONTRL/CRTZRO,CRTDEG.ISTOP,INTER 
COMMON/PHASE/IFLAG(20).IPHASE 
COMMON/UNGRAD/CAU(331.LODD,LODEG 
COMMON/F ILES/INPUT, muT 
C0'^MON/WORK 1/DUMMY (8300) 
DIMENSION LAPtL(5O),INDEX(50),IOENT(20) ,IREPLBI50I, 

LVALl, 

NOEGBISO) 

EQUIVALENCE 1C,DUMMY I 255111, (LAB EL.DUMMY(7875)1.dNOEX, 

' (NEVALfl,OUMMY(80001l.!RES,nUMMYI,(EV,DUMMY!2 50 111,(6,DJ 
DIMENSION IHPAR121 
DATA IDENT/'.H STA ,4HNDAR .4HD PH,4HASE ,4HCHOI.4HCE V,4H 

I ,12*4H /, ITiTLE/4H FIN.4HAL P.4HR0TU.tHTYPE,4H FJN, 
7 i,HNS. .4HEVEN,4ri PAR.4HITY ,1U*4H /, IHPAR/4HE VEN, 4F 
EXTERNAL THLMK,AUFUN 
NMAX=50 
IPHASE=1 
NR=NR£P 
LLI=2*LVAL1+1 
DO 6 1=1.NREP 
IRLOWLd l=-l 
IFLAG! I 1 = 0 
IDENTIFY AdGl PROTOTYPE FUNCTION BY LINING UP WITH 
KALC=1 
IF 1IDDO.NE.OI KALC=9 
CALL ADAPT (O.l.THLMK.KALC,1,1 DENT,0) 
1RAG=IREPLB(11 
IF (INTER.EQ.Ol GO TO 40 
WRITE (IOUT,301 
FORMAT (//• REPRESENTATION INDICES'/l 
WRITE 1!0UT,351 IRAG 
FORMAT 11615) 
IFLAG! IRAG1 = 1 
IRLOWL!IRA&1=0 
IF !lODD.EO.Ol GO TO 10 
NR=NREP/2 
IFLAGI IRAG+NR1=1 
NEV1=NEVALP(11 
NEVAL=NEVALP(21 
LL2=2*LVAL2+1 
L0DD=LVAL2 
L00EG=LL2 
FIND THE AdUl FUNCTION 
NNON=0 
DO 1 1=1,NEVAL 
IRI=IREPL(I+NEVll 
IF (NOEGAIIRI).FQ.11 NN0N=NN0N*1 
CONTINUE 
IVEC=1 
IF (NNON.EO.ll GO TO 2 

1 L = 0 

efitiE___3£ 

PHASOOIO 

PHAS3030 
PHAS0040 
PHAS0050 

PHAS0070 

PHAS0090 
PHA50100 
PHASOllO 

PHAS0130 

PHAS0150 

'"MY( 5051 1 IPHAS0170 

[ECT0,4HRS 

1 ODD/ 

PMAS0190 

PHAS0210 

PHAS0230 

PHASQ250 

PHAS0270 

PHAS0290 
PHAS0300 
PHAS0310 
PHAS0323 
PHAS0330 
PHAS0340 
PHAS035O 
PHAS0360 
PHAS0370 
PHAS03a0 
PHAS0390 
PHASD430 
PHAS0410 
PHAS0420 
PHAS0430 
PHAS0440 
PHAS0450 

PHAS0470 

PHAS0490 

PHAS0510 
PHAS0520 
PHAS0530 
PHAS0540 
PHAS0550 
PHAS0560 
PHAS0570 

00 
Ul 



0 0 

EsuGs&ai-^EmEaai- _£UULIil£i-Ea&^t^— EKOGB&ai-GEiofcaa^ 
- B Q U l L t l £ i - E H & 3 L R E&G£ — , 1 8 

0 0 3 I = l , N g V A L 
I S U B = I S U B * 1 

I F ( ! R E P L d * N ' E V i : 

I V E C = 1 

. N E . I R A U l GO TO 3 
P H A S 0 6 0 0 
PHAS0610 

22 C( I , " J 1 = C 0 P R 0 ! I S U B ) 
l E V = N E V A L P d ) 

PHAS0620 
PHAS0630 

N E V A L B = N E " V A L P ( 2 ) 

0 0 3 1 l = l , i 4 £ V A L B 

GO TO i n n 
L S = L L 1 ^ L L 1 

H A S 0 6 4 0 
PHAS0650 

1 R E P = I K E P L ! I * I E V ) 
31 NDEGB! 1 1=NDF GAI I R E P l 

= L S * ! I V E C - 1 1 * L L 2 
1 = 1 . L L ? 

^ CAO d l = C U P K n ( I B A S E * I ) * 1 . 0 D 3 
C * * * * F I N D STAMDA>^J PHASES FOR REPS. WHOSE P A R I T Y MATCHES LOW 

= M A X O ! L V A L l , L V A L 2 ) 
L = 1 , L " A X . 

L D E G = 2 * L + 
MPAR = 

I I O O D . E ' J . C . O R . 2 * ( L / 2 1 . E O . L I MPAR = I 
CALL Ai>APT ( L i L 0 E G , T H L M K , K A L C . M P A R . I D t N T . O ) 
I F ( I N T E R . h C j . 0 1 GU TO 45 
WR ITE ( i n U T , 3 0 l 
WRITE ( I O U T , 3 5 I ! I 
N £ V A L = N E V A L P ( I I 

^ F P L R ( J I . J = l ( N E V A L B l 

I E V = N £ V A L 
NEVAL = N EVA L P ( 2 ) 
DJ 1 J = l . N t V A L 

_ J R E P = I .<EPL ( J <• l E V l 

I F d F L A G ( I R E P l . E Q . I I GU TO 8 
PQ q K = l . N ^ V A L B 

! I R E P L R I 
1 K L U W L ( I R 

; ) . N E . I R E P ) GD TO 9 

I F L A G I I P E P ) = I 
I F ( I D D D . E Q . O l GO TO 20 

I F I 2 * ( L / ? 1 . N E . L I NRT=-NR 

IF ("iFLAr,! \F 1 .EQ.Ol GQ TO 
CONTINUE 
GO TO 15 

9 CONTINUE 
C'-NT INUE 
CONTINUE 
REPHASE 
DO 16 1=1 

RilTOTYPFS AGAINST EACH OTHER 

IF I IFLAGd l.EQ.OI GO TO 110 
16 CONTINUE 
15 00 11 1 = 1 .NREP 
11 I FLflGI ll=IRLnwL(I)»I „̂  .̂  — 

rpHASE=2 
IF (inpn.EG.O) GO TO 50 

" IF (INTER.NF.O) WRITE (IQUT,150) 
153 FnR'.'AT (//' FINAL PHASING OF EVEN-OOO PROTOTYPES. 

PHAS0660 
PHAS0b70 
PHAS0680 
PHAS0b90 
PHAS0700 

CALL LINEUP" (LL2,1) 
IPHA_SE = 
ISUB=LS 
DO 2 3 
DO 23 1=1,LL2 
I SUB=ISUB*1 

PHAS0720 ' 2) COP"RO! ISUB)=C! I ,J) 
PHAS0730 C**** CLEAN UP FINAL VECTORS AND PRINT OUT 
PHAS0740 50 DJ 55 IPAR=1,2 
PHAS075 0 IF I IPflP.LQ.2) GO TJ 56 

PHAS07bO " 
PHAS0790 
PHAS'J'800 
PHASUaiO 

LL=LL1 
GO TO 57 

PHASO820 
PHA5Q830 

56 IF IIOOD.EJ.OI RETURN 
IBASE=LS 

PHAS0B40 
PHAS035Q 

NrVAL=NEVALPI2) 
ISl'LLl 

PHAS0860 
PHAS0870 
PHAS0880 

LL=LL2 
IEV=NEVALP(11 

57 ISU6=IBASF 
00 59 1 = 1,N£VAL 

PHAS09O6 lRfP=IrtEPL(I+IEV) 
PHAS0910 NDEGB! I 1=ND£GA!IREPl 
PHAS0920 59 I REPL Bd 1 = I RE P 
PHAS0930 DO 58 
PHAS0940 
PHASD950 

E V ( J 1 = E V P ( J + I S I ) 
DO 5 8 1 = 1 , L L 

PHAS39bO 
P H A S 0 9 7 0 

I S U 3 = I S U B + 1 
5 8 C( I , J ) = C n P P O ! I S U B ) 

CALL CLEAN ! C , L L , N D E G B , N E V A L , I R E P L B , N M A X , C R T Z R O , 1 1 

IE I INTEiJ . E Q . O l GO TO b 5 

PHASIOOO 
PHASIOIO 

ITITLE!8) = IHPAR( IPARl 
CALL MATPRT ( LL,1,ITITLE.C.EV,NMAX,LABEL,INDEX) 

PHAS1020 
PHAS1030 
PHAS1340 
PHAS1050 
PHAS1060 

WRITE ( lOUT", 1 0 5 1 
135 FORMAT ! / / ' REPRESENTATION INDEX FOR EACH SET OF V E C T 3 ' < S V 1 

^ " W R | T F l i n U T , " 3 5 l ( [ R E P L « d 1 . 1 = 1 . N E V A L I 

65 I S U « = 1 B A 5 E 
0 0 6C J = 1 . L L 
DO SO l = l , L L 

. . . . „ A S I S F N S . " ' I 
CALL PSYM I L V A L l . L L I . T H L M K , L V A L 2 , L L 2 , A U F U N . I . 

"TS"U8 = LS " ' 
00 22 J = L , L L 2 ^ ^̂  .. 
00 22 1 = 1,LL2 

P H A S 1 0 8 0 
^ PHAS1Q90 

P H A S l l O O 
3 0 0 F J N C T I 3 N S A P H A S l l l O 

P H A S 1 1 2 0 
P H A S 1 1 3 0 
P H A S I I 4 0 
P H A S 1 1 5 0 

• 9 , R E S , B , N M A X ) 

isua=isu6+i 
60 COPKOl1SUB)=C(1.J) 
55 CONTINUE 

RETURN •_ 
**** ERROR MESSAGES 
100 IST0P=1 ^ , ^ 

WRITE (I0UT.345) 
345 FORMAT I* AIIU) FUNCTION NOT FOUND.') 

PHAS117C 
PHASiiaC 

PHAS12 0C 
PHAS121C 
PHAS122C 
PHAS123C 
PHAS124C 

_PHAS^25C 
~"P"HAS126C 

PHASi2aQ 
PHAS129D 
PHAS1300 

PHASL32C 
PHA51330 
PHAS134C 
PHAS135C 
PHAS1360 

PHAS1380 
PHAS1390 
PHAS1400 
PHAS1410 
PHAS1420 

PHAS1440 
PHAS1450 
PHAS1460 
PHAS1470 
PHA514B0 
PHAS1490 
PHAS1500 
PHAS1510 
PHAS1520 
PHAS1530 
PHAS154C 
PHAS155Q 
PHAS1560 
PHAS1570 
PHASlSeo 
PHAS1590 
HASlbOO 
PrIASlblO 
PHASlb20 
PHAS1S3Q 

PHAS166Q 
PHAS167C 

" PHASlSaO 
PHASlb9C 
PHASirOC 
PHAS171C 
PHAS172( 
PHAS1731 



EaQGB&^l-aE£ti£aaJt 

1 1 0 WRITE ( i n U T . 1 2 n ) 
1 2 0 FORMAT ! / / ' ERROR I N PHASING R O U T I N E . 

I S T 0 P = 1 
RETURN 
END 

_ R Q m i ! a £ i - E d 6 i £ B - E&G£—,32 EBQGR&m-GEm£QS^ SQUU^£X-aU£mJ-

P H A S 1 7 5 0 SUBROUTINE AUFUN ( L , L L . F U N C T , I N D 1 
P H A S l T b O C * * * * EVALUATES ODD-L SPHERICAL HARMONIC T I M E S A l l U I FUNCTION 
P H A S 1 7 7 0 I M P L I C I T R E A L * 8 ! A - H , 0 - Z 1 _ ^ _ _ ^ _ ^ - _ - ^ _ ^ _ ^ 
PHAS17B0 D I M E N S I O N FuNCT ( 1 0 0 1 , F U N C T l ( 3 3 1 
P H A S 1 7 9 0 C 0 M M 0 N / U N G R A D / C A U I 3 3 ) , L O D D , LODEG 

^ ' CALL THLMK ( L , L L , F U N C T , I N D ) 
IF IL.EQ.LOOD) GO TO 3 
CALL THLMK (LOOU,LUDEG,FUNCTl,INOl 
GO TD 4 

3 DO 5 1=1.LL 
5 FUNCT1(I)=EUNCTIII 
4 S U M = 0 . 

DO 2 J = l , L O D E G 
I F ( C A U ( J l . E O . O . I GO TO 2 

^ SUM=SUM*FUNCT1( J ) * C A U { J l 
'" ~ ~ ~ 2 CONTINUE 

DO 1 1=1.LL 
1 F U N C T ( 1 ) = F U N C T I I ) * S U M 

RETURN ^ 

AUFU0020 
AUFU0D30 
AUFU0040 
AUFJ0050 
AUFJ0060 
AUFU0Q70 
AUFU0080 
AUFJ0090 
AUFUOIOO 
AUFUOIIO 
AUFU0120 
AUFUQ130 
AUfU0l40 
AUEUQ153 
AUFU0160 
AUFU0170 
AUFU0180 
AUFU0190 
AUFU0200 



PROGRAM: G P T H . U . > - - - E O U I • NF : CLE A E . . E - . 1 EEOGRAM-. G P T H E ^ a . - - - a . U I i m . C U , , . . . . . _ . M ^ 

SUBPOUTIME CLEAN I C , NBAS I S ,NDEG, NFVAL , I RfcPLB , NMAX,CRT2RO, I OPT ) CLEAOOIO ^ „^?r^V'';MM " ' ' " " " " "^"'" " " CLFAOPOO 
,,....,, .r,̂ .r.-..r,v -rvf..,: n,i ciiMrTlOM,: OF SAME SYMMETRY TYPE CLEA0020 RI1,JI-SUM UNDO ARBITRARY MIXING OF FUNCTIONS OF SAME SYMMETRY TYPE tLEA0020 RII,J|.SUM CLEAOblO 

-^g^^U?vL:gp:No"G;;;:i,lANGA,5,14KT^EPM32TriOROEP.LVALl. I'ill'Ht^ ^ c f L T T G E F W ^ T W T S T T E K P T M E T S T S ^ ^ f t ^ - ^ l S 

• o ; ^ ? ^ ^ ; : r ; ? ; . ^ : ^ ; ; B ; ^ n ! U i ^ g l " E i l l ? : U ^ ; L l N E V A L , U l t l l l l C . . . ^ ° . " . N S E I S , R A N S F O R > A , I U N M . I K I X K - EMi lRAN.PO.n ^ L E A M W 

DIMENSION ISV1201.FMI20 .20 I .R(20 .20 I .T£MP!20) .ED(20 I . ) IAG(23) , CLEA0370 9 DO 4 ' - I ' ^ ^ ^ j ^ - ^ ^ ^ " ^ ^ " CLEA""06b"0 
— - — "̂  CLEA0080 DO 14 J = 1,NSET5 CLEA0670 

1 

- ^ I - V A L E N C E , T E M P , S A M E ^ mS^^^^^^i^^^i^M^'iii'.^^^r.'^^'^^ ^^^^^ 
DATA DI AG/2.00.3. 00.5.DO,7.DO.11.00. 13.DO. 17.DO. 19.00,23.00, CLEAOllO li 00 15 ^i;';^"'^ ^ CLEA0700 
1 29.on, 31.DO. 37.00,41.DO.43.DU,47.DO,53.DO,^9.00,bl.UU,6/.DJ. CLEAU120 00 6 ̂ -I'^^f^'^ CLEA37_1^ 
. -. CLEA0130 00 17 I-l.NSbJ^ _ ^ _,—_ CLEA0720 7 1 . 0 0 / 
on 1 i R = i , 

— — ^ " " CLEA0140 U = 1SV!I l+M-1 CLEA073O 
MniH-wOFfAdf i l CLEA0150 5UM=0. ^ ^ . ^ . ^ ^ ^ C1:EA0"7 4 0 

- r r ^ y W B T R UF SETS BELONGING TO THIS REP. "̂  P * S ! ^ S "n I s v ^ ^ U ' T ' CLEA0750 
fjcpTc-n CLEA0170 J1 = 1SV(J)*M 1 CLEA076J 
' ^ ^ ! | ^ " ^ CLEA0180 18 SU-'=SUM4-C(K,J1)*R(J,11 

DO 2 IEV=1,NEVAL 
NDI=NDEG!ItVI 
LABEL=1REPLB!IEVI 
IF (LABEL.NE. 
NSETS=NSETS*1 

CLEA0190 IF j^ABS(SUMl.LE.CRTZRO) SUM=0. 

ISVINSETSI^ l l 
I l M l + N O I 

00 2 0 M=l.NOIR 
JM=ISV(1)»M-I 

CLEA0290 

CALL SCAN (C.NHASIS.NMAX.CRTZROI ^ ^ ^ f l ^ J T ^ n 

^0 •CM!M) = IC _ -. ^ _ -irMSiF-
CLEA033Q 

ICMIN=NCASIS 
MINM = CLEA0340 

CLEA035O DO 24 M=l.NDIR 
IF !ICM!M).GE.ICMIN1 GU TO 24 _ crFA0^360 
ICMIN=ICM!M1 CLEA0370 
MiNM=M::j_^ . ^ ^ ^ T L E A O S B O " 

CLEAO390 
24 CONTINUE 

* * * CALCULATE ICMIN*NSETS MATRIX 
00 3 J=1.NSETS 
JM=ISV(J1*M1NM 

CLEA0400 
CLEAQ410 

CALL SCAN !C,NBASIS,NMAX,CRTZROl 
KC=1,IC _ ^ 

CLEA0420 
CLEA0430 

FKC=NSC(KCI 
7 EMIKC,J)=DSQRT(FKCI*SAMEC!KC1 

CLEAD440 
CLEA0450 

TONTINUE ^,t"SwO 
IF (IC.EQ.NSETS) GO TO 9 CLEA3W0_ 

* * * * I F {c^NEJNSEU.^FDRrSQUARE NSET5*NSETS MATRIX AND DIAGONALIZE CLEA0490 

CLEA0510 
~ " '~~ CLEA0520 

CLEA0530 

10 ED!KC)=OIAG(NSETS) ri'FAS550 
DO 11 I = l,NSETS ^ ^ - LLtAU5!.j 

DO 11 J = l , l 
SUM=0. _ _ ^ ^ ^ ^ 
00 12 K = l , IC 

DO 6 KC=1,NSETS 
8 EOIKC)=DIAG!KC) 

NP1=NSETS*1 

DO 10 KC=NP1, 

CLEA0560 
CLbA0570 

CLEA0780 
Lmi Mn^i t I ^ J T ^ ' "~^ ' • ^ ^ ~ ' CrEA0200 17 TEMPI! )=SU'' CLEA0790 

•'EL R LB lEV. ^ _ _ _ _ _ _ ^ CLEA0210 nn 19 1=L.NSETS _ _ _ ^ ^ ^ ^ ^ 

fuABEL-NEiiR) GO TO 2 ^ " " " "" FFISffS^ ,9 JI^ ' U 1'it M"P I 1 CLEA08 10. 
CLEAO2 30 19 C! K, 11 )- Itwt^t i ) CLEA0820 
CLEA0240 16 CONTINUE CLEAO830 
CLEA025Q 15 CONTINUE ^—^ _. — — — CLE AO 8 40" -?? " N S E T S LE 1) GU TO 1 '~~' ^ ^ ' ^ E A 0 2 6 0 1 CONTINUE CLEA0850 

C**** FlNfl VECTOR WITH SMALLEST NUMBER OF DISTINCT NONZERO COEFFICIENTS CLEA0270 RETURN ___ _ ^̂  ^ CLtToa60" 
— „n ,n u-l MniD ~ ^ " ^ CL£A02eO END 



PBDGBiMi.GEldLQBlt _ _ _. 

SUBROUTINE SCAN IC,NBASIS,NMAX.CRTZRO1 
IMPLICIT REAL*Q (A-H.O-ZI 
COMMON/SCANl/ IFLAG(501,NSCI50),SAMECI50). 
DI-'ENSIPN C (NMAX,NBASIS) 
IC=0 
00 2 3 K=I,NBAS IS 
NSC(KI=0 
SAMFC(K1=0. 

23 1FLAG(K)=0 
no .M K=l,NBASIS 
IF 1 IFLAGIKl.EQ.l) GO TO 21 
AC=OABS!CIK.JMI| 
IF 1 AC.LE.CRTZROl GD TO 21 
IC=1C*1 
NSC!IC1=1 
SAMECI ICI=C!K,JM) 
KP1=K*-1 
IF (KPl.GT.NdASISl GO TO 21 
00 22 L=KP1,NBASIS 
ACL=DABS(C(L,JMl) 
IF (DABS!ACL-ACl.GT.CRTZRO) GO TO 22 
IFLAG(L)=l 
NSC( ICl=NSCdCl*l 

22 CONTINUE 
21 CONTINUE 

RETURN 
END 

- &UUI1I^£: ^ A U 

,JM,IC 

- _ _EaGE___4a 

SCANOOIO 
SCAN0020 
SCAN0030 
SCAN0040 
SCAN0350 
SCAN0060 
SCAN037O 
SCAN0080 
SCAM0090 
SCA'^0100 
SCANOllO 
SCAN0120 
SCAN0130 
SCAN0140 
SCA.N0150 
SCAN0160 
SCAN0I70 
SCAN0183 
SCAN0190 
SCAN0200 
SCAN0210 
SCAN0220 
SCAN0230 
SCAN0240 
SCAN0250 
SCAN02bO 
SCAN0270 

1 ESaGBA": SEIbEQai _ _ _&^UIlf|i£i_SiySLi3 

SUBROUTINE SYMSUM !1SUM,JSUM| 
C**** SUMMARIZES SYMMETRY PROPERTIES OF MOLECULE ANO GENERATES 
C**»* REFERENCE TARLES 

IMPLICIT REAL*8 (A-H.O-Z) 
DIMENSION L0EG(14),LDEGO(141.NDJJIbI,IHQL1(5),IHOL2(3) 
COMMON/C'iNTRL/CRT ZRO. CRTOEG, ISTOP, INTER,LFLOWI 101 
COMMCN/FILES/INPUT,IOUT 
COMMON/OUT 3/NRFP.NDE GA(lt,) , I ANGA (5.14) ,IREPA(32) ,IOR0ER,i 
I LVAL2,ICTYP!i41,IRPAR!14|,lODO,IRLOWL!141 

C R 3 S S -

L V A L l , 

DATA IHnLl/4H A,B,4H E,4H T,4H U,4H V/, lHaL2/3H(G). 
1 3H(U1.3H / 
t)ATA HYtS/5HVeS/, HM0/5HN0 X.ILP /1H(/, IkP/lH)/ 
ICMPLX=0 
IF ( ISUM.FQ.13.AN0.JSUM.E0.6) ICMPLX=1 
IF dSUM.Ey.l5.AN0.JSUM.EQ.51 ICMPLX=1 
IF !ISUM.EJ.15.ANO.JSUM.E0.101ICMPLX=1 
IF (ISUM.E0.17.AN0.JSUM.CQ.9) ICMPLX=1 
IF !ISUM.E«.17.AND.JSUM.EQ.13IICMPLX=1 
IF (ISUM.EQ.23.AND.JSUM.EQ.14) ICMPLX=1 

50 IORDEft=0 
DO 35 1 = 1 ,NREP 
I0RDER=10RDER*NDEGAd 1**2 
IF INDEGA!11.EQ.2.ANO.ICMPLX.EO.1) IOROER=IORDER-2 

35 CONTINUE 
IF (lODO.EQ.l) NR=NREP/2 
IQN=0 
00 20 1 = 1,NREP 
IDEG=NOEGA(I) 
IRTYPI11=IH0L11IDEGl 
IRPAR(I)=IH0L2(11 
IF dODD.EO.l.AND.l.GT.NREP/2) IRPAR I I) = 1 HUL2 ( 2) 
IF dODD.EQ.Ol IRPARI II = IH0L2(3) 
00 20 10=1,lOEG 
ION=IQN+l 
lANGAIID,I)=IQN 

20 IREPAIIQN)=I 
HCOMP=HNO 
IF (ICMPLX.EQ.il HCOMP=HYES 
WRITE ((OUT,10) 

10 FORMAT (IHl,'SUMMARY OF POINT GROUP PROPERTIES'/IX,331IH-
WR ITE! I0UT,4)NREP,HC0MP,I0RDER 

4 F0RMAT(5X,'NO. OF IRREDUCIBLE REPRESENTATIONS = '.I2/5X,' 
lONJUGATE PAIRS OF I.R.S. - ',A3/5X,•ORDER OF THE GROUP = 

C**** DETERMINE LABEL OF MOLECULAR POINT GROUP 
CALL PTGRUP (ICMPLX) 

-1/) 

'CDMPLEX-
' ,13) 

WRITEl IDUT,32)LVAL1,LVAL2 
32 F0RMAT(5X,'L VALUES OF REAL SPHERICAL HARMONICS USED TO SPAN ALL 

IHE I.R.S IN THIS GROUP - •,2!5) 
100 WRITE (I0UT.21) 
21 FORMAT (///33X,'REPRESENTATION DEGENERACY SPECIES 

1 9X,'ANGULAR'/37X,'INDEX*,22X.'LABEL STANDARD QUANTL 
2'/33X.14( •-').3X.10(*-').3X,7( •-•) ,3X,8('-'},3X,15('-' I/) 
DO 23 1=1,NREP 
IDEG=NDEGA(I) 
ILF=IHOL2(3l 
IRT=ILF 
IR = I 
IF ! I R L O W L d 1-GE.01 GO TO 24 

.E&G£ ii 

SYMSOOIO 
SYMS0020 
SYMS3330 
SYMSOD40 
SYMS0050 
SYMS0060 
SYMS0070 
SYMS0083 
SYMS0090 
SYMbOlOO 
5YMS31I0 
SVHSOIJO 
SYMS0130 
SYMS0140 
SYMS0150 
SYMS0160 
SYMS0170 
SYMS0180 
SYMS0193 
SYMS0200 
SYMS0210 
SYHS0220 
SYMS0230 
SYMS0240 
SYMS0250 
SYMS02bO 
SYMSD270 
SYMS0280 
SYHS0290 
SYMS0300 
SYMS0310 
SYMS0320 
SYMS0330 
SYMS0340 
SYMS0350 
SYMS0360 
SYMS0370 
SYMS038D 
SYMS0390 
SYMS0400 
SYMS0410 

-CSYMS0420 
SYMS0440 
SYMS0450 
SYMS0460 
SYMS0470 

TSYMS3480 
SYMS0490 
SYMS0500 

PHASE*, SYMS0510 
IM ^JJMBERSSYMS0520 

SYMS0530 
SYMS0540 
SYMS0550 
SYMS05bO 
SYMS0570 
SYHSOSeo 
SYMS059Q 

http://ICMPLX.EQ.il


o 
o 

EEQGBaMl-GEIbELlEl— 
-BQmi&tEl-Si^a^UH-- EfiGE —-55 E i O G i i l ^PiahQRy— 

_Rami!i£l -EIG^liE _-E&G£ att 

I F I l O D U . E Q . O l GO TO 24 

. = I - N R 
I F ( I . L E . N R l I R = H - N R 

SYMS0610 
SYMSO620 
SYMS0630 
SYMS0b40 

SUBRHUTINF PTGRUP ( I C M P L X I . . 
r - ^ r r t R M T N r s A H I C H P O I N I G - ^ U U P M O L E C U L E B E L O N G S T O 

I M P L I C I T P i - A L * 8 ( A - H . Q - Z ) ^ 
" ~ I N T t G E R * 2 " I N G H U P . I N H J L . I G U E S S 

DIMENSION I P T G R P I b l . I H 0 L ( 5 6 1 

PTGR3020 
P I G R D 0 3 0 
P T G R 0 0 4 0 
PTGR3050 

4 ^JR1TE d G U T . 2 2 1 I . I D E G , I R T Y P d l . l f i P A R ( I I , I L F , I R L J W L ( l R I , I R I . d f t ' 

I ( 1 0 , 1 1 . I D = 1 . I D E G l 
22 FORMAT ( 3 8 X , 1 2 , 1 5 ) 
23 CONTINUE 

, I l , 6 X . 2 A 4 . 3 X , A r , 3HL = , I 2 , A 1 , 1 X . 51 5 ) ' 

I F ( I S T O P . L Q . 0 1 RETURN 
WRITE ! I 0 U T , 3 6 1 

3ASYMS0650 
SYMS0b60 
SYMS0670 
SYMS0680 

"^SYM""S0b90 
SYMS0700 

- S ^ T S ^ ^ F J r ^ f e ^ A ,T -̂7TA].-GM57T4y7TREPAr32T7I-0R0ER , LVAL 1 
1 L V A L 2 , I R T Y P J _ 1 4 I , I RPAR 11 4 ) , |mJOj_[R L0W^L_d4_l^ 

P T G R 0 0 6 0 I 
PTGRO070 I 

i t FORMAT ( I H l . ' E R R O R I N DETERMINATION OE SYMMETRY P K U P b K d E S . ^ ' ^ ' - ' - ^ ' ^ ^ i ^ ^ ^ ^ j ^ O 

1 A T I O N AHANOONEO " ' 

" c U M M n N / F l l E S / I N P U T " , lOUT 

DATA I H D L / ' . H , 4 H ) 
HI 0 R . 4 H OR . 4 H K 1 H I . 4 H 3 ( 

M T ( D 1 . 4 H 0 
H n ! 3 0 . 4 H O ( 3 H , 4 H C( 

. " 4 " H 0 ( 5 U , 4 H D ! 5 H 

, , 4 H V 1 0 .4H t -

RETURN" 
END 

SYMSO730 
SYMS0740 

r " 4 H - D T T ^ r H D ( T " H 7 4 H C " ( 4H .""4HC ( 8 ) . 4HS ( 8 ) , 4 H D ! 2D 

, 4 r i 4 l • 4 H C ( 7 I . 4 H S I 6 I . 4 H C ( 3 H , 4 H C ! 6 . 4 H C ! 3 V 

• 4 H D ! 4 D , 4 H D I 4 H . 4 H H b r t . 
t H b l ^ C I _ 5 H , 4 H ^ : i 5 V , 

" 4 T r c T 4 , 4 H V l a , 4 H : ^ 0 1 , 
0 ( 3 , 4 H C ( ' ) 1 , 4 H C ! 2 H , 

"PTGROOeO "I 
^ M \ , R 0 0 9 0 I 
PTG"R0"100"~~1 

4 H J ! 6 H P T G R 0 1 1 Q 1 
" 1 2 0 

^ C l " ^ r y T 4 H S m r V H C " T y v 7 4 H ' T T 2 7 ^ C " m T 4 H C ( T T 7 4 H C m - . 4HC ! S I . 4HC 1 1 1 . 

; ,H0( 8 H . 4 H D ( 7 H , 4 H O ( 8 0 / 

PT&< 
P T ^ R 0 1 3 0 I 
PTGRU140 I 
P T G R 3 1 5 0 1 

" P T G R U i 6 0 " I 
P T G R 0 I 7 0 1 

6 4 H 0 ( 8 H , 4 H D ( f H . ' . n i M g u / ., . , , , n 7^1 hi,J 5 3 1 . 3 2 1 . 2 2 1 . 1 1 3 . PTGR0180 I 
DATA I N G R U P / l 2 l 0 1 . 6 U b 0 . 4 9 0 1 . 2 4 6 , W . 5 U . f ^ i . 6 4 2 , 5 3 1 2 1 ^ 2 1 . 1 ^ p T G K O l 9 0 I 

1 2 4 9 0 . 2 9 0 ^ ^ 3 4 1 , _ 3 2 1 _ 0 ^ 2 0 8 1 , 1 6 7 0 ^ 2 6 l _ ^ 2 U 2 n 8 0 ^ ^ ^ 
^ - ^ 6 2 7 4 - 4 r . 6 4 1 . 1 0 4 0 , 6 3 0 4 . 0 2 4 5 0 , . 1 43 , 2 0 . 8 ^ ^ ^ 

OAT A I N H 0 L / 5 , 7 , 6 . 1 C . I 8 . 3 7 , 3 8 , 4 ^ 4 j ^ ^ u ^ 3 ^ . ^ ! _ ^ ^ ^ ^ ^ ^ - ^ 
- 1 l 6 . 2 8 , 1 7 7 2 r 7 2 9 ; 4 4 , 3 6 . 2 5 . 4 0 . 4 b . l 0 . 2 9 . 4 4 . 5 Q . 3 1 . 1 9 / p T G R 0 2 3 0 I 

DO 5 1 1=1 
51 IPTGRPI11=!H0L!1) , „ ,„ 

C*«** COMPUTE INDEX CORRESPONDING TO POINT GROUP 

I r,ilFSS = tOO*l ORDER* 10*NREP*-I000t ICMPLX 

00 1 1=1.— 

IF (INGRUP(I).NE.IGUESSI GO TO 1 

1BASE= INHOL!I) 

I P TGRPI I1=IH0L( It^ASE) . 
K=I 

GO TO 2 
1 CONTINUE 

2 IF (K.NE.O) GO TO 3 
IST0P=1 
RETURN 

IF IK.LE.U) GO TO 50 

IF (K.GE.12.ANQ.K.LE.2b) GO TP 6 
IF ( K ! G E . 2 7 . A N D . K . L E . 3 0 ) GO TO 55 

IF IK.GE.31.AND.K.LE.34) GO TO 45 

IF !1.EQ.21 GO TO 66 

fpTGRPd) = IHOH J + I BASE) 

6b CONTINUE 
IPTGRP!2I=IH0L(3) 

GO TQ 50 - -

55 DO 70 1=1.2 

70 IPTGRP(2*1-1I=1H0L!I*IBASEI 

" T P T G R P ( 2 I = 1 H O L ( 3 ) 

IPTGRP(4I = IH0L(2> 

GO TO 50 

4 5 00 46 1 = 1,2 _ ^ 

t,b IPT6RP(2*I-ll = tH0LdHBASEI 

1PTGRP(2)=1H0L!4) 

PTGR0240 1 

PTGR0250 I 

PTGR0260 I 

PT&K027O I 

PTGR0280 I 

PTGP0290 I 

PTGR0300 I 

PTGR0310 1 

PTGR0320 I 

PTGR0330 I 

PTGR0340~1 

PTGH03bO I 

PTGRQ3T0 1 

PTGR03aO 

PTGRQ390 I 
PTGR0400 I 

PTGR0410 I 

PTGR0420 1 

PTGR0430 I 

PTGR0440 I 

PTGR0450 I 

PTGR0460 I 

PTGR0470 I 

PTGR0480 1 

PTGR0490 I 

PTGR0500 I 

PTGR0510 I 

PTGR0520 I 

PTGR0530 I 

PTGR0540 : 

PTGRD550 I 

PTGROSbO 

PTGR0570 

PTGR0563 



EiiQS8AMl_aEm£QB:L-

6 IPTGRP{?1=IH0L(21 

.,6QUIltf£^_EISBU£___ 

50 WKITE dOUT. lOOl IPTGRP 
100 EQRMAT!5X,'THE POINT GROUP FOR THIS NUCLEAR CONFIGUi^ATION I S ' 

PTGRObOO 
lX,bPTGR3610 

PTGR0b20 
PTGR0b30 

EaQGB&Hi-GELa£gR:t BamiTjU-Basii 

SUBROUTINE BASIS 
READS IN OR LOOKS UP ATOHIC ORBITAL PARAMETERS AND GENERATES CROSSBAS10320 
REFERENCE TASLES 8ASI0030 

EaG£ aa i 
I 

BASIOOIO 

IMPLICIT R6AL*8 I A - H , 0 - Z I 
COMMON/FILES/INPUT,lOUT 
CO«MDN/OUTl/POS!3,301 ,RAO lUS I 301 , THET A( 30 ) , PHI ( 30 ) , NATOMS. NATYPE*. 

1 NUMTI 10) , NUCT (101 , I TSYMBdO ) , I T YPA ( 30 ,1 0 I , ITYPTI30) , ITYPI ( 3 0 ) , 
2 INVAT(30) 

COMMON/OUTS/BCOEF1500 1,ZETA!20.1 0 I,NVALUE(20.10 I .LVALJEI 20.10) . 
1 N6AST(10) , ICRK(10) .NASB(10 l , IBLKA(5 , l01 ,NBLK,N8 t fa (50 ) .N6 IB I50) , 
2 i r B 1 5 0 I . L V 6 1 5 0 I . I B I T ! 2 0 , 5 0 1 , I B C F S T ( 5 Q ) , N O R , I A T I 1 2 0 ) , I B T I I 2 Q 1 . 
3 IKTd20) ,IA0FST(20.30I 
_COMMON/DUT2/ASC0EF(3000),ITRANTI 20,10) ,IAOT(40.80I.ITRANI12QI, 
1 ISRUNT(120I,IANGT!1201, 
2 ISQQ(32,301.NRADAI14) 

C O M M O N / C G N T R L / C R T Z R D . C R T D E G . 

DIMENSION lHaL{5I.IRUNI80l 

DATA IHOL/IHS, IHP,IHD,IHf,IHG/. 

NMAX=50 

I A0=0 

ITI=0 

IFI = I 
IFIT=1 

IBLK=0 

CALL INBAS 

IF (ISTOP.EQ.11 RETURN 
t^ ASSIGN TRANSFORMATION BLOCK P A R A M E T E R S 
6 DO 150 IT=l.NATYPE 

LRF=0 

I R A D T d 2 0 1 , I F I R S T I 8 0 ) , I S O T { 4 0 , 8 0 I , I F B ( 5 0 ) , 

STOP,INTER,LFLDH(IO) 

IH0LC1/2HC( / , IH0LC2/1H)/ 

BASI0040 
BASI0050 
BASI0060 
BASIQQ70 
BASiooeo 
BAS10Q90 
8AS10100 
8ASI0H0 
BAS10120 
BASI0130 
BASI0140 
BASIQ150 
BASI3160 
BASI0I7Q 
BASI0183 
8ASIQ190 
SASI0200 
BASI021Q 
BASI0220 
BASI0230 
BASI0240 
BASIQ250 
BASI02bO 
flASI0270 
8ASI0280 
BASI0290 

L=LP0-1 
DO 156 16=1.NR 

ITI 
ITRAI 

IL.NE.LVALUE!IB,IT) 
=NBR*1 
=ITI*l 
NT(NBR,IT1=ITI 
LPU.LE.LRFI GO TO 165 

I GO TO 159 

BASI0320 
BASI0330 
8ASI0340 
BASI0350 
BASI03bO 
9ASIQ370 
BASI0380 
BASI039a 
BASI0400 
BASI0410 

165 
159 

1 IBLK 
T=IE1 
RSTII 
!NBR. 

1 = 1FI 
1NM*1^*LRF-1I)**2 
I l = I F I 

EQ.N8) GO TO 161 

BAS(S FUNCTION REFERENCE TABLES 

BASI0440 
BASI045Q 
BASI0460 
BASIQ470 
B A S I O ^ S O 
BASI049Q 
BAS10500 
8ASI0510 

lAO: 

I AT( 
1A0+ 
I A0) = 

IB.IA)=IA0+1 

=l,LaEG 

IBT!IA0I=I8 

8 A S I 0 5 4 0 
B A S I 0 5 5 0 
BASI0560 
B A S I 0 5 7 0 



E S Q G B a ; j l - G E m £ U B . l ._gauLiti£.i-a&ais E&GE-
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1 5 0 1 K T ( I A 0 ) = K 
Z T = Z E T A ( I H l . I T I 

N O R = I A n 

I F ( N O P . G T . 1 2 0 ) GO TO 2 0 0 

B A S I 0 6 0 0 
B A S l O b l O 

I F B C = I B C F S T I I B L K T 
I T R A N S = I T R A N T ( 1 6 1 

-I 
ITl 

BASI1170 
BASlllBO 

BASI0620 
BASI0630 

00 151 IT=1.NATYPE 
NBAST(IT) 

BASIOt 
ASinf-50 

uf,w=l NV-'l 1*NB* IFBC 
WRITE (IDUT.11) lai, ITRANS.N.ZT.(SCOEF(I1.1=IFBC.MBV. 

11 FORMAT d4,bX.12,7X.I2.F9.4.5X.9E10.5l 
10 CONTINUE 

6AS11190 
BAS11200 

00 152 IB=1,N6 
ITR=ITH+1 

aASI0660 
BASI0670 

" "7 WRITE d O U T . 2 0 4 1 
I F I I N T F R . E Q . O I R E T U R N 

I A P U N = n 
DO 153 1 A 0 = I A 1 , N 0 R 

B A S I 0 6 B 0 
B A S I 0 6 9 0 

on 21 1=1, 
21 IRUNl11= 

1A=IATIIAUl 
= ITYPTl IA) 

!B0=I3TrrA0) 
I T R A N S = I T R A N T I I B O , I T O ) 

B A S 1 0 7 0 0 WRITE I I O U T , 2 0 ) 
H A S I 0 7 1 0 2 0 FORMAT 1 1 H 1 , 1 7 X , 
B A S I 0 7 2 0 
R A S I 0 7 3 0 

CHEMICAL A T O " QUANTUM NUMBERS 

l A L TRANS. 
2YM60L INDE 

IF 1 I T K A N S . N E . I T R I GO TO 153 
I A R U N = I A R U N + 1 

B A S I 3 7 4 0 
B A S I O 7 5 0 

3 R A N S . TYPE 
I A T T = 1 

lNDEX'/l8X.96(lH-)/l 

INDEX ATOM 
EXPONENT 

faAsnzio 
BASI1220 

~" "â y"I"12 30 
BASI124D 
SASI 1250" 
BASI12bO 
BASI1270 

QRBITBASI 12 8q_ 
FUNCTION SBASli"2"90 BASIS'/18-. ._._----

BLOCK INDEX WITHIN TaASI1300 
BASU310 
eASI1323 

I AOTlIARUN,ITRANS) = 
153 CONTINUE 

8ASI0760 
BASI0770 

DO 25 IAn=l,NOR 
IA=IATIlAOl 

BASI1330 
BASI1340 

15? CONTIM 
151 1AI= IAI*IA"UN 

NOL 

BASI0780 " 
BASI0790 

IF I IA.NE.IATTI 
IATT=1A 

WRITE 1I0UT,204I 

IF 
.. IBLK 
1NBLK.GT.50) GO TO 200 

ASI0800 
BASI0810 

I T = I T Y P T I I A I 
I f l ^ IBT11AOl 

B A S I 1 3 5 0 
B A S 1 1 3 6 0 
a A S U 3 7 0 

N C F = 1 F I - 1 
IE ( N C F . L E . 3 0 0 0 1 GU TO 4 0 0 

BAS1062D 
BASI08 30 

LP1=LVALUE1IB,ITItl 
I T RANS=1TRANT( 1 8,ITl 

BASI1390 
BASI1400 

RETURN ^ ^ - "• 202 FORMAT (IHl!'PARAMETER SIZE ERROR IN SUBROUTINE BASIS'l 

BASI08 
BASI0890 
BASI0900 

1ST0P=1 RAQIOQID 
**^* PRINTOUT np CROSS-REFERENCE TABLES — B^sjgq^g 

'''"I r"i;'T';?m:'iTnMIC BASIS SET AND SYMMETRY ADAPT AT ION'/I X . 40( 1H-)/BASI 0930 

END 
BASI1470 

11 
DQ 7 IHLK=1,NBLK 

BASI0935 
BASI0940 

I T = I T B 1 I 3 L K I 

L = L V B 1 I B L K ) 

"ASI0950 
BASI0960 

NB=NBIB!laLKI 
WRITE 1 inUT,61 ,IT .IHULIL+l).ITSYMB!ITl 

BASI0970 
BASI0980 

6 FORMAT (/' TRANSFORMATION BLOCK '.12//* 
I Al.' FUNCTIONS FOR ELEMENT ' .A2/) 
NSIZE = 12*L+ll*NUMTdTl 
WRITE (I0UT.191 NSIZE.IFBlIBLK} 

L9 FORMAT ( 

BA$I0990 
BASllOOO 
6ASI1010 
BASI 1020 

MAT (' rn""AL OF ' . n . ' BAMS FUNCTIONS FOR EACH BASfS INDEX'// 9^^511030 
BLOCK OF'SYMMETRY TRANSFORMATION COEFFICIENTS STARTS AT "-PC ATI DBAS Q40 

,14,' OF ASCOEF./) BASU060 

I FORMATI" B;S-IS TPANSF. QUANTUM NUMBER'S BASIS VECTORS') ^ \ l f ^ 
NV=NBV8 ! I B L K ) 

2N 

W R I T E ' ( " l O U T , 9 1 d H 0 L C l , I V , I H 0 L C 2 , I V = l , N V ) 

FORMAT ( • INDEX I N D E X ' , 6 X . ' N Z E T A ' 5 X , 1 0 ! 4 X , A 2 , I 2 , A 1 . 1 X 1 I 

B A S I 1 0 9 0 

BAsnioo 
WRITE d O U T , 2 0 4 1 

2 0 4 FORMAT ( / ) 

B A S I l l l O 
B A S I 1 1 2 0 

o n 10 I B = l . N B 

I BI = I P I T ! I B . I B L K ) 

B A S I 1 1 3 0 
B A S I 1 1 4 0 

N = N V A L U E 1 I B I . I T l 
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SUBROUTINE INBAS 4*3.2*1,2*2,2*3.2*4.2*2,4*3,2*1.2*2.2*3.2*4.2*2.4*3,2*1,2*2.2*3, 1N8A0590 
INBAObOO 
INBA0610 

IMPLICIT RtAL*8 (A-H,0 -Z1 
INTEGEP.*2 NBflSL, ICRL . L VALUL , NVALUL , NB I L . NBVL , IBFL,NASL 

1N8A0D2O 
INBAOOSO 

* ? , 4 * 3 , 2 * 
, 2 * 4 , 2 * 

, 2 * 3 , 2 * 4 , 2 * 2 . 4 * 3 
, 2 * 1 , 2 * 2 . 2 * 3 , 2 < 

2 * 1 . 2 * 2 . 2 * 3 , 2 * 4 , 2 ^ 
2 * 2 . 4 * 3 . 2 * 1 , 2 * 2 , 

2.4 
3 , 2 * 

RFAL*4 PiOILL, ' -<AniLl ,RADIL2,RADlL3,RADIL4, BCOFL 
REAL*4 HCI,bC2,aCi,BC31,BC4,BC5,dC6,RC7 

INBA0040 
IN8A305D 

2*3,2*4,2*3.2* 
2*3,2*4.2*3.2* 

,2*3,2*4,2*2,2*3, 
,2*3,2*4.2*2,2*3, 

2*4.2*3,2*1.2*2,2* 
2*4,2*3.2*1,2*2,2» 

3,2*4,2* 
4,2* 

INBA0620 
lNSA0b30 

'^N/FILES/ INPUT, lOUT 
'•MN/OUT1/POS(3,30I .RADIUS! 301.THETA! 301.PHI (30),NATOMS, NATYPE. 

. 2 * 3 , 2 * 1 , 2 * 2 , 2 * 3 . 2 * 4 . 2 * 2 . 2 * 3 . 
MINIMAL VAL'ENCE-SHELL BASIS SET 

1 NUMT{13 ) ,NUrT (10 ) , ITSYMB( in i , l TYPA(30 .10 l , I TYPT !30 ) , ITYP I (30 ) , 
? INVAT(3ni 

INBA0080 
INBA0090 

* * H - NE: BAGUS A 
•f's NA - XF: CLEMEN 

BERT. UNPUBLISHC 
AL . . J . C . P . 33, 

D WORK 
2686 11963) ; 47, 1300 (1967J 

COMMON/"I UTU/HCOEF( 500),ZETA (20,101 ,NVALUE ! 20 .10) ,LVALUE(20.10). 
I N^AST(10|,ICKK!131,NA5R!10I,IBLKA(5,101,NBLK,NBVS(501 .NBIB!501, 

INBAOIOO 
INBAOllO 

DATA i^ADIL!/l. 
1 1.917,2.246,2. 

.211.1 .623,1.437,1.924, 
,0.8358,1.1025,1.3724, 

ITtJ(^OI,LVB(50),IhIT(20.50l,iBCFSTI50I.NOR,IAT(1201.I8T(123l. 
K T ! 1201 , lAOFST! 20. 301 

CnMMON/CONTRL/CRTZRO.CRTDEG,ISTOP,INTER,LFLOWI101 
DIMENSION NBASL!54,21.NASL!5A,2I,1CRL!54,2I,LVALUL12131,RADILL 

INaa0120 
INBA0130 

500 I ,NHIL (2101 ,NBVL!210 I , 1̂1 FL 12101, NVALUL! 5001 ,NBLVI41 ,NSLV(4 
2 , R A D l L l d L 0 ) , R A O I L 2 ! 1841,RADIL31 1 73 ) . R AD I L4 ! 13 ) . BCT 1 20 1 . BCOFL ( 110 

INBA0140 
INaA0150 

. 3 5 5 2 , 1 . 

. 5 8 5 5 , 2 . 2 5 4 7 , 
. 1 2 2 3 , 

2 . 3 7 3 3 , 

1INBA0160 
OINBA0170 

. 9 9 4 3 , 1 . 2 6 3 3 , 

. ' . 2 7 7 , 4 . 1 Z65, 
2 , 1 . 3 2 0 8 , 3 . 5 0 9 4 . I 
6 . 4 . ^ . 0 0 2 , l . ' . v i 3 ,4 

. i 5 a 5 , 

. ' - 2 6 1 , 

1 . 8 2 7 3 , 2 . 3 5 6 1 , 2 . 0 3 8 7 . 
I . 2 3 4 2 , 2 . 7 1 3 ^ , 1 . 2 4 5 3 , 

2 . 0 1 0 9 , 1 . 0 9 5 1 , 
2 . 6 3 8 2 , 2 . 2 5 7 0 , 

. 4 1 7 1 

.5191 
, 2 . 2 3 6 0 , 1 . 8 6 2 3 , 5 . 
, 2 . 3 2 8 9 , 2 . 4 4 2 3 , 6 . 

7928, 
8753 

3 . 7 2 6 6 , 1 . 3 9 4 1 , 3 . 9 5 1 8 , 
1 . 7 6 6 7 , 1 . 5 5 5 4 , 5 . 0 3 1 1 , 

INBA070U 
INflA0710 

2 . 4 3 9 4 , 2 . 0 7 1 8 , 6 . 1 5 9 0 , 
D.9'^69, 1 . 2141 , 1.2512. 

IN8A0720 
IN3A0730 

HCl! 1551.3C2( 1591,FJC3( 1591 ,BC 31 (8 ) .8C4(1 59 ) , B C 5 d 5 9 ) . a C 6 (161 1 , 
B C 7 d l l ) 

INBA0183 
1NBA0190 

3 . 9 8 9 6 , 1 . 2 8 9 1 . 
1 .4905 ,3 .3470 , 

9 ,1 .3392 .3 .079 t> . l 
, 3 . 4 9 3 7 . 1 . 5 6 7 5 . 3 

3952, 
. 6476 , 

3 . 1 n o . 1 . 4 4 5 3 , 3 . 2 2 0 5 . 
1 . 6 0 5 7 . 3 . 8 0 6 4 , 1 . 6 3 8 4 , 

INBA0760 
INBA0770 

F3UIVALENCE I R A D I L L , R A D I L l l , ( R A D I L L ( l l l l , P A 0 I L 2 ) , l f i A D I L L I 2 95 1, 
1 RAD1L3I,(PA0ILL1473I.RA0IL4I , (BCQFL.BCl l ,1BC0FL(156I,BC21,13CQFL 

INaA0200 
INBA3213 

. 9 6 9 2 , 1 . 9 0 2 3 , 
4 . 7 4 3 6 , 2 . 5 0 7 6 , 

.69^C 

. I b l l 
4 . 2 3 5 4 , 2 . 1 2 5 7 , 1 

. 4 . 9 9 0 0 , 2 . 6 0 0 7 . 2 
.3204, 
.3223, 

4 . 4 9 2 5 , 2 . 3 2 2 2 , 1 . 9 9 8 9 , 
5 . 2 3 3 5 , 2 . 8 4 3 6 , 2 . 4 3 4 9 , 

INaA0780 
INBA0790 
INBA0800 
INBA0810 

I315) ,BC3I , !BCDFL(474) .BC31) , (BCOFL(4 32 I ,bC41, IBC0FL(b411.BC5I . 
(BCriFL( 800) ,BC61 , ( f lC0FL(9bl ) ,BC7) 

IN6A0220 
1N8A0230 

C 5.4733/ 
DOUBLE-ZETA 

STORED BASIS SET TABLES 
DA T A_ NBLV / I , l U . ' . B b . O / 

a FA NSLV / 1 ,111 ,249 ,0 / 
ATA N A S L / 4 * 1 , 6 * 2 , 2 * 1 . 6 * 2 . 2 * 1 . 1 0 * 2 . 6 * 3 , 2 * 1 , 1 0 * 2 , 6 * 3 , 

INflA0240 
IN6AQ250 

NF, BAGUS AND Gl 
CLEMEI 

LBEHT, UNPUBLI 
NTI, ET AL. 

SHED WORK 
. C P . 40, 1944 (196^); 47, 18b 

INBA0820 
5INBA0830 

1 4*1.16*2,34*3/ 
DATA NaaSL /4*1,6*2,2*1.6*2,2*1,10*2.6*3.2*1,10*2,6*3, 

DATA RADIL2 /I 
1 4.353,7.177 

. ,2.905 

.317.2. 
1.453,2.41 

218.1.004,5.33 
.353,0.65 1,3.38 6.5.781.0.975 

.698,1.647,2.730.1.255.6.39' 
INBA0340 

5INBA0S50 
. 8 . 2 8 0 , 1 . 9 6 7 . 'i 

1 0 . 8 8 5 , 2 . 6 2 7 , 
. 2 4 7 . 1 . 
4 . 1 8 0 . 1 

4 9 7 . 7 . 3 8 0 , 9 . 5 
. 8 4 8 . 9 . 3 5 4 , 1 2 . 

9.2 . 3 0 0 , 3 . 6 9 2 , 1 . 6 5 b , 8 . 3 6 6 , 
2 3 0 . 2 . 9 5 2 . 4 . 6 8 3 . 2 . 0 5 3 . 9 . 7 1 5 4 , 

INBA0860 
INBA0870 

, 2 * 3 , 
DATA ICPL / 2 * 0 , 

* 1 0 , 2 * 1 2 , 1 0 * 1 4 , 6 * 1 6 . 1 8 * - 9 9 / 
* i n , 1 8 * 1 8 . 1 3 * 3 6 . 54 *0 / 

DATA NRIL / 1 1 0 * 1 . 1 , 2 , 3 * 3 , 2 , 3 , 2 , 3 , 2 . 3 . 2 , 3 , 2 i 3 , 2 , 6 , 2 . 6 , 2 , 6 . 4 . 6 , 

INBA3300 
1N6A0310 

2 8 , 4 . 2 , 8 . 4 , 2 , 8 , 
nATA NPVL / l l O ^ 

4 , 2 , 8 , 6 , 2 , 8 , 6 , 2 , 8 , 6 , 2 , 8 , 6 , 2 , 8 , 6 , 2 , 8 , 6 , 2 / 
1 . 2 * 1 . 3 * 2 , 1 , 2 , 1 . 2 , 1 . 2 . 1 . 2 , 1 , 2 , 1 , 3 , 1 , 3 , 1 , 3 , 2 . 3 . 2 , 3, 

INBA0320 
INBA0330 

13 .147 ,2 .6039 , 
2 .8947 ,4 .3072 . 

3.9093, 
0^^76^, 
1.8634, 
1.3990, 

0 .7549 ,1 .2594 , 
1 . 5 0 5 9 , i . 0 4 2 1 i 
3 .6214, 1.1261 I 
2 .2394 .4 .0852 , 

2.57 13.5.4964.10.2 88.13.587, 
6.2076,10.332,13.980,3.53^2. 
0.8952.1.b085.9.609i-, 14.537. 
7.3130. 1.093'., 1.8626. 13. 541. 

17.77'., 5.2039, 
13.717,17.691, 

,4.5555,8.5171,1.2398,2.0813, 
,3.1596.4.9073.8.9026.1.321 7. 

iNBAoeao 
INBA0890 

1NBA0920 
IN8A0930 
INBA0940 
1NBAQ950 
INBA0960 
INBA0970 
INttA3983 
INBA0990 
INBAIOOO 
INBAIQIO 

INBAlObO 
INBA1070 
INBAlOeO 
1NBA1390 
IN6A1100 
INBAl110 

INBAll^O 
INBAt150 

2.3, 
4,2, 

,2,4.2.1.4.2,1,4.2.1.4,2.1,4,2,1,4,2.1,4.2,1, 
,3, 1.4.3.1, ,3,1.4,3,1. 

DATA LVALUL/5*0.1,0.1,0.1.0,1,0, 
1 3*0,2,0.2,0,2,0,2,0,2.0,2,0,2,0, 

1,0,1,3*0,1,0,1.0.1 
2,0.2,0,1,2,0,1 

0,1,0.1,0,1, 
2,0,t.2 ,0,1, 

2 2,3,1,2,3,1,2,3*3,2,0,2,0,2,0,2,0,2,0,2,0,2,0.2.0.2.0.2.0,1.2.0. 
3 1,2,0,1,2.0,1.2.0.1.2,0.1.2, 

iNBAOSbO 
INBAD370 
INB"AO3 8 0 
INBA0390 

4 5 * 0 . 1 . 0 , . 1 , 0 . 1 . 0 , 1 , 0 . 1 , 0 , 1 . 0 . 1 . 0 . 1 , 0 . 1 . 0 . 1 . 0 , 1 , 0 , 
. 2 , 0 , 1 , 2 , 0 , 1 , 2 . 0 , 1 , 2 , 0 , 1 . 2 . 0 . 1 , 2 , 0 . 1 , 2 , 0 , 

0 , 1 , 2 , 0 , 1 , 2 , 0 , 1 , 2 , 0 , 1 , 2 / 
10, 16 ,22 ,24 ,30 ,3 2 , 3 8 ,_4 0,46, ' .8 , 5 4 , 5 6 . 6 2 , 6 4 , _ 

, 156, 1 74, 18 2 . 200 ,"208, 2 26, 234, 2 52 , 2 60, 29 2 
14,4 22 ,424 , ' ,56 ,46 ' . ,46b .493 ,5 06. 503.540, 

54 8.5 5I>, 5 62. 590. 5 92 . 624. 632, 034, 6 66, 6 74, 6 76, 7 08. 716,718. 75 0,75 8 
760,7 92 , ^10 ,312 ,844 ,8 62 , Bb'., 896 , 914. 916 , 948, 966 , 968 ,1000, 1018, 

INBA0400 
INaA0410 

2.333<^, 12.059, 
1.6092,2.8587. 
9.0786,1.8117, 
0.763'^, 1.22' 
9.2633,2.9 09 5 
17.290.22.757 

17.650, 
14.^38, 
3.4255, 
6.6382, 
4.1028, 
8.2528, 

6 1.2.0.1.2.0,1,2,0,1,2 
DATA I3EL /110*1.1.2.4 

5 1020.1052.1070/ 
DATA NVALUL /2«1, 

2 5.4,5.4.5,4 

14*2.14*3.3*4,3,4 
.2*4. 
.4.2*5.4 

3.4,3,4,3.4,3,4,3, 
3 * 5 , 4 , s , i,, 5 , i,, 5, (,, 

2*5,^,2*5.4,2*5, 
3 5*1,2,2*1,2,2*1,3*2,2*1,3*2, 

2*2,2*1,2*2,2*3.2*2,2*1,2*2.2' 
,4*2. 1,4*2. 1,4*2, 1,4*2,2*1,2*2,2*3. 

1NSA0480 
INBA049Q 
INBA0500 

.4INBA0510 
INBA0520 
INBA3530 

I 4.6227,20.642, 
J 8.7784,16.037. 
DATA RaDIL3 /13 
1 5.6266,3.3019. 
2 5.2770,1.1029, 
3 23.002.28.980, 

6.3762,24.34 1 
11.347.20.265 

.2.686 7 
4.0.9906 

4.9261,6.9833 
19. 131 ,'..6352 
17.290,22.797, 
11.95 6,3.4843, 
0. 379""0,1 .4652, 

, 10.858,3.4054, 
,1 .8554 ,4.5843, 
,1.7265.8.2 114, 

2.0073 
10.618 

3.4616,4.7943,1 
5,5.1217,22.165 
,9.8603,18.300, 
14.750,3.9551, 

3,2.6139,6.0'^76, 
8,2.1474.10.775, 
4. 11.542.15.960, 
8.4.0203,2.8305, 

*2,2*3,2*1, 
,2*1,2< 

2*2,2*3,2' 
3,2* 
2,2*3.2*1, 

. 2*2.2*3.2*1,2*2,2* 

2*1,2*2,2*3.2*2,2*3.2*1, 
,2*3.2*1.2*2, 
,2*2.2*3.2*1, 

7 2*2,2*3.2*4.2*2.4*3.2*1.2*2,2*3,2*4,2*2.4*3.2*1,2*2,2*3.2* 

INBAOSbO 
INBA0570 
"INBA0583 

, 1.0507,2.0583, 
,32.60'., 12.445, 

2.0091, 3. 34 16,5.35 7'.,9.5670, 
,6.7813,2.1647,3.7491,5.3242, 
7.0793, I3.09',,2.2H93,3.2738, 
2.1131,16.716.21.774,7.67 35. 
7.2 468, L3.245,3.b95?,"2". 34""i.6, 
5.32 05,1.050 7,1.9277,7.6297, 
19.167,24.368,6.6061,13.012, 
.14.695,5.0016.2.9769.1.9830, 
.3.38 76,4.6018. 0.9', 17. 1 .6209. 

b_, 5 • 1353.21 .777,27 • 2 t 3 ,-̂  . 70b4/ 
.1068,2.3 99'..g.00'32,15.34l, 
27.934,1C.218,13.5 83,3.7 964, 
5. 5 1 9 6 . 3 . 4 1 5 6 , 2 . 5 3 4 4 , 5 . 7 5 ' , 2 , 
5 . 5 0 9 9 , 1 . 1 3 3 1 , 2 . 0 3 2 6 . 1 0 . 504, 
22.9b 'V,29. 105, 10 .938, l b . 06B, 
19 .074 ,6 .0979 , 3 . 75 73 ,2 .7 ' .0O, 
' . .42 6 9 , 6 . 2 6 8 0 , 1.21-.8, 2.2 966," 

. 630 ' ^ , 25 .652 ,32 .003 . 12 .272 , 
, 1 1 . 7 0 1 , 2 0 . 5 3 5 , 6 . 7 2 J 2 , 4 . 0 3 2 4 

5 ,17 .458 ,4 .518 1,6.5 112,1.094 9. 
, "3 .1307 ,7 .3279 ,24 .259 ,3 2T4T^," 

_ . 2 . 3 1 7 4 , 1 3 . 0 4 6 , 2 4 . 7 8 4 . 7 . 3 9 9 2 . 
C 5 .1 34 5 , 1 . 3 0 1 0 , 3 . 5 5*. 1 , 3 . 6 6 7"l, 3 ".309 3 , 2 5 . 1 7 8 . 3 3 . 5 0 2 . 1 3 . 3 2 4 . 1 7 . 04"rr~ 



Eii:2Gaai3l-GEIId£LlliX 

D 5 . 1 9 0 5 . 7 . 3 3 4 2 . 1 . 4 5 9 3 . 2 . ^ 2 1. 1 2 . 430 , 2 1 . 24 

- i iL iy i iCi£ i_ i^ iaas - GSItdLGIi^ EQUIiEj£ l - l^ t i6 : i -

, 6 . 8 4 3 4 . 4 . 4 7 B 7 , 1 . 3 0 5 7 . lNflA1170 
2 . 7 4 2 4 , 3 . 8 5 5 9 . 8 . 198 3 , 2 ' , . 9 2 3 . 1 4 . 0 7 6 , 1 3 . 7 2 0 , I'-..I 3 0 , 5 . 48 2 4 , /.""iZBl, I NBA 11 30 
1.66 2 3 . 2 . 3 2 1 5 . 1 3 . 9t>2 , 2 5 . 645 . H^lbbJT^j^. 5 7^ 7 ,1 .62 32 . 3 . 1 345 . t , . 2259 , 1NBA1190 
9 . 0 5 4 6 , 2 5 . 2 3 3 , 3 4 . 9 6 7 , 1 3 . 9 1 3 . f a . 0 0 0 . 5 . 83 2 8 , H. 0342 , i . a4 '51 ,""r.0 59 8 . " INBA12 00" 
I H-. f: I 0 , 2 7 . 3 1 3 , 9 . 3 2 7 2 , 6.05.-)6, 1.7 7 1 4 . 3 .4 12 7 . 4 . 5354 . 9 . 35 ' . 5 , 2 8 . 30 3 . INBAI210 

I 3 7 . 0 6 4 . 1 5 . 3 1 6 , l R . n o 3 , 6 . 6 3 2 4 , 9 . 5 1 & V , 2 . 33 1 6 , '4: '0670 ,1 5 . 0 6 1 , 2 8 . 333 , lNlAi2"J"3 " 
J 9 . 0 0 3 7 , 6 . 2 0 6 7 . 1 . 8 9 5 9 . 3 . 5 8 8 8 . 4 . 8 3 1 6 , 9 . ^ 2 0 6 , 2 8 . 9 4 1 . 3 7 . 3 5 9 . 1 5 . 5 5 0 / IN&A1230 

DATA RADIL4 / 1 8 . 3 6 6 . b . 5065 . 8 . 3 7 0 0 , 2 . 43 58 , <. . 0 4 6 1 . 15 .4bO . 2 9 . 2 2 4 . INflA1240 
1 3 .131 5 , 6 . 0 5 7 9 , 1 . 3 0 9 5 . 3 . 2 1 8 4 . 5 . 1 8 1 6 . 1 0 . 3 2 6 / INBA1250 

OAT A BCl / I . 0 , 0 . 1 8 1 5 9 , 0 . 8 4 2 89,0."P"b 2 3 8 . 0 . 152 8 b , 0 . 0 0 0 2 1 , - 0 . 187 9 2 , " INbAl2"60"" 
- 0 . 0 0 0 9 3, 1.0 2 0 6 6 , 0 . 6 7 3 5 9 , 0 . 1 3 3 : ^2 , -0 .0005 1 , - 0 . 2 1 6 0 3 , 0 . 0 0 2 4 9 , 1 .02 63INBA1270 

-.02413, 
.54854,. 
-•13567, 
-.351 18, 
.30510,-

66,-. 

3 2"04, 

.00153 
30422,. 
.a7bQ5, 
.23760, 
003^6,-

.0019 
0 1445 

.82 3 

.001 
91 ,. 
50, . 

7547t: 
OOOOt 

,-.00^i^,-_._bq0^7 , ._I_1632̂ , 
, ."0003 I, . l'.4"^7,-.0 3n2 2, 
^13709,.0289^,-.0030^, 
, .365b4 ,.66 513, .34 1"06, 
,-.00017,-.45273,.0 7801, 

EflGt—-Sit 

INBAI750 
"INBAl760 
_IN3A1770 
iNBAl7"83 
INBAl790 

.1^438,-

.03560,-

-.17 
.172 

76 7, 
b7. . 
00,-

-.32032 

rd9679, 
34 M 3. 

.091 

_ '^3 
0002 
53.1 

578.-.00125..00282..1512 0.-.31914, INdA1903 
1.-. 0052 8, .0 1433,-.03024 ,.00178, INB̂ A1_810 

, .574o"6. .89362. . 11 307, " IN"HA1820 
, .57076, .J6 3J6,.353ti3, INBAl 8 30 
.0005"! , .0000 2,-.0"0008/ I NBA 184 0 
9999,-.0267b,.05279,-.00095,I NBA 1850 

, .5257" 
, ^ 3 ^ 8 
00034, 

2 , 0 . 3 8 7 0 8 , 0 . 1 2 2 3 5 , 0 . 0 0 0 b 2 . - 0 . 2 4 1 9 ' , , 0 . 0 0 6 8 4 . 1 . 0 3 1 4 9 . 0 . 2 1 5 0 6 , 0 . 8 4 0 8 9 ; INfiAl?10 
3 0 . 9 0 0 7 7 , 0 . 1 0 6 9 5 . 0 . 0 0 1 8 7 , - 0 . 2 5 6 7 7 , 0 . 0 1 0 1 4 , 1 . 0 3 4 1 3 , 0 . 2 5 9 2 5 , 0 . 8 0 2 9 5 , I N B A 1 2 9 0 
4 1.03517,-0.09335,0,00235,-0.23530,-0.01893, 1. 0337 57o. 2"3a4"3, o"7"77fll l"N"B"An^ " 
5. 1.07582 ,^ 0 . 0̂ 8 (]b^, (K 00_3 r3^- 0. 24017.-0. 02125. 1.03535.0. 33255,. 74 46 8 I N BA1310 
6.1.068-8.-0.0 7101.. 003 79.-.24322.-.02231.1.0 3628..35507,. 72 7 bO." "INBA1320 

1. 062 ̂ 2.-.06661,.Q0'.39,-.24534,-.02408, 1.03 668,.36896,.71 694, INBA1333 
. 73 919,.2t,6 73,.0003 3,.00143, .000 16 ,-.00030,-. 34000, .03768.-3990 
.68259,- . 00049,. 0^52j^. 052 60,-. 00692 .-.0759'^.- . 104 72, .79803, 

. 02360. 

.26573, 
" .30368. 
-.00197 

/.15433,-.02252. 

D 

.25733..73878,.33147,.60598,. 40 103, . 002 33 , - . 00 183 ,". 00040,-. OOOE 
-.34742. .02775. . 333 'f 5̂ , .75162. .0 0171 .-.00572 . . 0730 1. - . 00 751 
. 10297.-.1',383,.64'.2 3,. 43933,-74494. .31623,. 3^604..61459,.00939 
•.0122 l,.0CilQl,-.0322 <.-. 32916,-.01553,.48357,. 61 64 7, .00149, 

4,INBA1360 
INBA1370 

-0477 3 
.49965 

-67793,. 13395, .50b 33, - 61280,-. 00240, 
.03 390.. 0066 7,. 1314 5,-.03 35 3,-. 19'^',4,-. 10244, .87696, 

•84670,.16559,.01755..00062.-.35925,-.03851..32197, 
. 73 Ib5..40349,.605b5, .40204, .007"87,-.01079, .00124, 
,.00010,-.00025,-.46254,.07740,1.23302,-.22353,-.niJ70, 

INBA1863 
_I2J6A18 70 
INa"A1363 

_ I N ^ 18 90 
"iNBATgco 
INBA1910 

00115,.00309,.15605,-.01825,-.7346 
-.0O398,.01505.-.03217,.00322,.16597, 

INBA1383 
INBA1390 

- . 1 3 1 0 3 , 
. 0 2 0 7 2 . 

- . 0 1 1 3 7 
- . 1 7 7 7 3 

. 2 2 2 8 3 , . 6 3 5 1 2 , 
_ ••05 3 22.j^.JJ^590,__ 

. 0 4 1 1 2 , - . 0 0 9 4 3 , - . 3 7 0 8 2 . 
^ . 5 9 6 6 8 . . 4 n ^ 7 j . 00 7 3 3 . 

OO12 7 , - . 002"O3 , . O D 0 1 0 , - . b 3 0 2 " 5 , - . ' . 6 3 6 9 , .07"^83, 1 . 2 4 5 0 0 . 
. - . O 1 7 7 O , - O 4 4 1 2 . - . 0 O 1 0 O , . 0 O 2 7 2 , . 1 5 j b 7 , - . 0 1 4 9 3 , - . 7 0 4 0 5 , 

.70162,.41307,.90656, 

.3923b,.72134..72813. 

INBAt920 
INBA 1 9 3^ 
IN8A1943 

_lj;j_&Aj^5q 
1NBA1963 
I N B A I 9 7 0 
I N B A 1 9 a O 
I N B A 1 9 9 ^ 

" 1 N B A 2 3 3 0 
I N U A 2 0 1 0 
I N B A 2 3 2 0 
I N B A 2 0 3 0 

F -.00347,.07399,.001 74,-.13830.-.12333..64318,.45352.. 77360, INB"Ai"40"0 "" 
G .26973,-.00662..02313.-. 146 20 .-. 04 7^6 j_̂ 76'.l 1 , . 3^8 83 ,. 22 699 ,_ _ INBAL410 
H .7921 7,.01514,-.02761,.30 143,-.003 27,-.3 I 339,-.07 52'^.-6675 2, INBA1426 
I .47 864,.00246,-.00^,40,. 030 76, . 01 924, - . 2 T'.'.O ,-.Q^9_7j^. 6̂7 B 3 0 , _ IN6AI430 
J. 42 977,,77730,.26218,-.60't73, . 01 824 ,-"."l75"o"7".-. 05446. . 695 77", ."33 1 2 9/I NBA 1 44 0 
OATA BC? /•74'j77, .25161 , .00141, .00249, .00012,-.00041,-.49236. I^jBA1450 

.05245. 
-.0009', 

1231..52512.-.00371..01393,-.03067..00221..15595, 
,^d3'^50.^.JJ6^1 ..b933b..41776..91337..07491..05562. 
.-.3 7"7 76",-.0 149 2. . 340 34." .7690 3 . ̂ 71876,". 40504,.44554, 
.00539.-.0117t,•00084.-.0C143,.00006.-.00015,-.45546,_ 
"i. 13610,-.099 33,-.01256,.03593 ,--0"oe65 , . 001 7 7 , . li.37"b ," 
,-.67009, -L4521,. 64109,.'.995't,-.00430, . 0 1 702 ,-.02 7 1 3 , 

-12796, .98322.. I 964 7 ,. 0405C ,-. I I 4 1 6.. 11 5 59.-. 0"2"l 1 fa .-. 41 650. 
-.30731 , .7731 7j_.39l27, .T̂ P 393,.2 53^.4,-.00 3 52, .01428,-. 19o89, 

.003"l7",".0O036,"" 
_ ^•0^38_,. 12 5 35^_ 

75824, ."28161 , .0028 

3 - . 0 5 3 2 6 . . 6 0 6 6 0 . . 4 7 8 5 C . . 5 3980. .466 7 7 . .00369 , 
4 - . 0 0 1 2 9 . - . ' . 5 6 9 3 , . 0 8 3 8 1 , . 6 3 3 6 7 , . 4 9 5 0 2 , . 0 2 6 0 3 
5 - - 0 I 9 2 4 . - - 4 1 4 3 7 , - . 3 7 0 1 5 . . ^ 2 3 1 1 . . 4 8 6 4 8 
6 . 0 0 2 Q 4 . - . 2 0 7 3 8 . - . O b 8 7 6 . . 5 5 3 3 5 , . 5 5 0 7 4 , . 2 2 1 4 3 . . 7 9 3 7 5 . . 0 1 3 0 3 . 

.00068 

.00443 

. . 14'^ 6 6 , - . 0 3 5 2 4 , - . 1 3 3 9 7 . - . 13100 . . 6 ' »2 6 1 , . 42 3 6 1 , . a ' * 6 7 9 , 

. 0 3 9 1 5 , - . 0 0 8 6 4 , - . 3 7 9 9 1 , - . 0 2 2 1 4 , .j4_l 5 ^ , . 7053^3_, . 7X15_7^ _ 

. 4 9 3 2 5 , . 5 1 4 6 2 , . 0 0 5 5 1 , - . 0 0 9 3 1 , " . 0 0 0 71 , - . 0 "0 1 2 8 , . 0 0 0 0 5 / 
/ - . 0 0 0 1 3 , - . 4 7 4 7 6 . . 0 7 4 9 ' , , l - 2 ' , 0 9 3 . - - 1 6 3 6 9 , - . 0 1 3 2 1 . . 0 4 3 3 ^ 
. 3 0 1 9 2 , . 1 5 5 2 3 , - . b r i 4 " 6 , - . 7 2 7 3 7 , . 1 9 7 0 2 , . 6 9 3 6 1 , . "45113, 
. 0 1 7 6 4 . - . 0 2 9 9 3 , . 0 0 1 4 1 , . 15 5 84 , - . 0 4 ^ . 9 9 , - . 1 5 2 7 0 , - . 1 1 2 2 0 , 

INBA2340 
IiNlBA^50 
INBA2060 
INBA2070 
INBA208 
1NBA2090 
INbA2100 

_ 1^BA2_110 
INBA2120 

_ INaA213 0 
1NBA2140 
1NBA2150 

-.34337.-.06389,.43577,.72240,.0 0642, INBA1520 
.34730,-.14259, .69985. -48475, ̂ _761^9. _ lNflA1530 

.27656.. 00498.-.00117.-.23292.-.Ob 743,.67838i.431 71..35071, INB"A"1543" 

.658 54,.0069'.,-.00912. .000 65,-.00 263,-.446 90,.04291. .63699. _ Uia^l5 50 

.58355.".03]33.-.t20O9.". 13582.-.01047.-. 45658,-.10603, .68354, INaAl5bO 

.56646,.62615,.45922,.01945,-.06999,-.23934,-.Ill 17,.72656, INBA1570 

.397 60,.90375,.08931,.04'.31,-.00 331,-.38885,-.01737, 

.75590,.69757,.43271..56740,-44054,.01005,-.01387, 
-.00 1 79, .00006,-.000 14,-. <,a4 78 , ."08 78 8", 1. 37 427, - . 36"75 I , 
j_._Ci456b,-^0006 5. -0̂ 0 1^4,^16J^ H^-. 01 830^^. 3461^.^^2 33 , 
.4I62"5,-";0051 1,.J1735, .32138,- .0000"2,-."l5l"60. .05 305. ~ 
.09/59.-. 7 20',3.-.3 9'. 35,. 398 13,. 101 37. .03356,-.03537, 

D -43099,.77926,.22770..00354.-.00462..00101,-.00142,.00015, INBA1580 Q -.38846 
E -.00031,-. 39810..050 70. I. 11024.--06090,-.01632. .03337_^-^01 79, INaA1590 A .00341. 
F .00390..10926.-.00170.-.48580..06286.- 38935,-71592,-.00365, INBAIbOO 3 1.24127 
G .0092 2.-.01899.-.00100, . 09788.-.0 1455 ,--Q'.442 ,-. 1 7603. . 7 4 2 0 ^ INBA16I0 C -.72478 
H .32095, .23733,.04573, - . 423 76,-. 6776'., . 842 78. . 1 75 93 , . 02 376", " INBAlb20 0"^ 
1 -.C0576,.46273,.54BII,.02112,-.02590,.00210,-.00361,.0002 0, INBA16 30 E .1 

-.02035,.4341 1.. 69 645.. 6"9"52I, .44925,. 5129b, -493 24, INBA21tO 
.00582..000 35,-.03070, .00003,-.0000b.--'.9 614, .^0498. _ _ INaA2170 
-.1622 4,-.01107,. 0 3 504.-.00062, .00147, .16362 ,-.01821", INdA218D 
.13966,.55056,.60534,-.00249,.00729,-.0234a,-.00223 ,_ 1NBA2190 

-.0512b,-.05278,-.17695,.5L599..59i,'. 7,.887 = 5,. 11397, " " "TW"AI"2 0 0 
--00605.-.33770.-.02536. .48983.. 6404',. .6 94 87..43560, INBA2213 

-.00O''i,,-.',16 
DATA aC3 /.00222, 

,03117.1.2197 7.-.I3724,-.013 3a,.03790.-.00097/ 
14019,-.00 826,--72706,.23825,.75652,.36790, 

I -.00549,.017 02,.03251,-.00137,-." 13955,. 0b611,-193 69,. 11258, 
--61595,-.46659,.87022..14163..03427.-.01145,-.31473.-.03323, 

-.02"8 3 5.. 00190,--00445, 
.llb70,-.00793,.05023, 

INaAlfa40 
INBAlb50 

6 726, . 
44786, 

.48646,.61279,.43866,-57563,.02017, 

.00017,-.00047,-.40680,.01604, 1.1 8618, 

INBA1660 
IN6Alb70 
INBAlfaeO 
iN8A1690 

.17029,-
-.03289, 

J .92478 
DATA BC6 

5 -.00059,-00177,.13206,.00208 
.30991,.04843,-.03230,.0004 

.84798, 

.33439, 
25199,.85312..15093..0248 7 
71747,.81193..30493..56091 

.66635,.17686 

. 15740,-.0405 
.00560". 

.99639,.39647, 
(,-.29233.-.01502, 

7 4626,.02116,-.0312 I,-3014b,-.00270, .00012,-.00026, lNaA2220 
.00512, 1. 28168,-. 15704,-. 01 31 6 . . 03904^ - ̂ 000^7 ,. 0^1 99 . I ̂ mA22 30 
.00169,-. 86319", .2699 6, . 5 864 7. . 5 749H .-.00411 ,.6l l"66, rNfl'AT2"40 
-.00322,.23348.-.09601,-.09340.-.19348,.49694,.60674, ^_ 1NBA2250 

.03168.-.0008*1", . 00675,--39"l0r,-"."0"l 146"/ '^ rN"BA2"2b3 
.00256,.10135,.05674,.00306,-.00522, INBA2270 

.05707, .07310,-
26343,.7600 

.32486,-.04357, 
4768,.00458,-.0082 0, 

9 .00107.-.00156..00009.-.00022,-.43033..05288.1.16499,-.0978 3, 

INBA1700 1 -.20706.-95 615,.!5095..74331,.37327,.27375,.7402 2,.01531, 
J_N a A1 710 2 -.02605. ._0 0133.-.002 5b. .00011.-.000 2^. - . 4 54 71. . 0103 7, 1.227 77, 
INBA1720 3 -.10323,-.01141..03644,-.00069..00164,.16452,-00300,-.8 I 330, 
INaAl730 4 -23365..65816,.5075 0,-.00269,.01029,-.03663,-.00405,.23616, 
1NBA1740 5 -.08087,-.15364,-.18275..45342..66194,.872b3,- iTl 62,.03 095,"" 
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.00276,-.38302,-.03619,.62n23..4938 3, 
7 -01453,.07385,.00740,-.12534,-.12434, 
3 .19636,.61497,.01332,-.02646..00101.-

-.009 98. 1.2 1808."-.0728 
.18269,-.33043,-.90776,.30463, 

.80427,.31649..70033,.40943,INBA2 3 43 

.00191,.00007,-.00017, IN6A2350 

13 FURMAT (8F10-B) 

(,-.01345, .03675,-.0003 0, .00189, 
63255,.53181.-.00536..01b70. 

.04606,,00233.-.294li..11899,.16543,.2056 8,-.4 7 504,-.63742^ 

.9213^..06221,.Ob 160,-.02036,-.00126,.00386.-.40554.-.01242. 
- . 2 2 7 2 6 , 

I N B A 2 3 6 0 
I N B A 2 3 7 0 

I B I = l , N f l i 
B C O E F l I B F S T * 1 S U B ) = B C T ( I B I 1 

9 I S U B = I S U B * 1 
7 CONTINUE 

fl . 2 4 5 9 3 , . 8 2 4 7 3 . - . 0 1 1 4 5 . . 0 5 7 9 8 . . 0 8 9 3 5 , , 0 0 2 9 8 , - - 0 5 0 3 7 

F . 3 2 8 9 5 , . 2 7 9 ^ 9 , . 7 1 6 1 7 . - 3 8 6 9 2 , . 1 7 4 6 6 , . 8 3 6 7 6 , . 0 0 7 8 5 , - . 0 1 6 8 2 . . 0 0 0 4 0 , I N B A 2 4 1 0 

l N a A 2 3 8 0 
I N B A 2 3 9 0 
I N 8 A 2 4 0 0 

I 8 C F S T 1 i a L K I = I 3 F S T 
t B F S T = I B F S T * N B ! * N B V 

F -.000'^3. .00007.-.00005.-.46228,-.Ol232,l.II118,.05264.-.00530,"" 
G .02422,-.00019,.00049,- 17590,.00865.-.78204,- 16523..71794. 
H .45554.-.00385,.01469..04711,.00497,-.25806..06381..22969i 
I . 17806,-.47164.-.64983..92089,.05163..06775,-.01455,-.00097, 
J .30296,-.41231, 
DATA PC7 /.0024 

.008 33,.13279,.92643,-.01164,.06609,.09360/ 
-.02336,-.23096,.32121,.29550,.70183,.39 352, 

1 -33846,.b734b,-0 3171,-.04440,.30313,-.00592,.00023.-.00069, 
2 -.45917,.0229-^,1.405 47,-.31512.-.Olb72. .06469 ,-.00090 ,. O023 3, 

. 17032.-.00080,-.95336,.37395,1.01774,.10306.-.00690..04629. 
-.358 84. .00 491,.27763,-.09835,-.46053,- 01625,.78349,. 36510, 
.92724,.05055,.06919,-.02293,-.00133,.00427, 

6 .19213,-87604,-
-.02293,-.00133, 

.008 29,.05405..10742,.00 261,--03805. 
,00 8b 

-.29596. 
7 .73969..34026,.71135,.37893..30191..71223,.02495.--03566. ~"" 
3 .30393.-.00544,.30025,-.00075,-.47092,.0275 1,1.38570.-.27267. 
A -.0 3026..06030.-.00131..00422..18287,-.00634.-.96946..36941, ' 
D .73304,-41654,-.00322..32339,-.06059..00387..31961.-.12187, 

-.3 74 34,-. 10531..70702,.45131,.93533,.05118,.07231.-.03686. 
-.30221,-00572,-.42145.-.01096..44406,.64246.-.00943,.00 309, 

.14806,-.13834,.57945,.54963,.70696,.37915/ 

LV = LFL'"iWI 4 ) 
I f l F S T = l 
I B L K 

REAO I N OR ASSIGN B A S I S SET PARAMETERS 
I F I L V . G T . M V S O P H . A N O . L V . N E . 9 ) GO TD 2 0 0 

00 10 IT=1,NATYPE 
REAO (INPUT,11) NASBI IT) , ICRKdT) 

00 3 IAS=1,NAS 
ITril IBLK) = IT 
READl INPUT. 11) LV8dflLKl,N3 IB! IBLK),NBVB (IBLK) 
=LVB(IBLK) 
I3LKA1L*l.IT|=iaLK 
NBI=NBIft(IBLK) 
DO 5 131=1,NBI 

IBITdO!, IBLK 1 = 18 
LVALUE!IB.ITI=LVB1IBLKl 
REAO (INPUT.b) NVALUE(18.IT).ZETA(1B.IT) 
FORMAT (15,FIO.5) 

1NBA2423 
INBA2430 

NBT=NaT+NBI 
IBLK=IBLKtl 

INBA2440 
INBA2450 

NBASTI|T)=NBT 
10 CONTINUE 

1NBA2460 
IN8A2470 

RFTURN 
1 00 157 IT=1.NATYPE 

INBA2480 
iNBA2490 

NZ=NUCT(ITl 
IF (NZ.GT.M71 GO TO 20 

INBA2503 
INflA2510 

NRAST(IT)=NBASL(NZ,LV) 
IF (NBAST! IT).LT.OI GQ TO 20 

INBA2520 
INBA2530 

NAS3( I Tl=''iASL(NZ,LVI 
ICRKl1T)=ICPL(NZ.LV1 

INBA2540 
INBA2550 

M S U B = N 3 L V ( L V ) 
N S U B = N S L V 1 L V ) 

I N a A 2 5 b O 
I N B A 2 5 7 0 

DO 133 I Z = I , M 2 

IF d Z . N ' E . N Z ) G 

I N B A 2 5 8 3 
1 N B A 2 5 9 0 

G'^ TO 110 

1 0 1 NSUB = N S U B - > - N A S L l U , L V l 
1 0 0 MSUB^MSUB-vNBASL ( I Z . L V I 

1 8 = 0 
INSA2500 
1N6A261Q 
INBA2b20 
IN6A2630 

NAS=NASR(ITl 
00 105 lAS^l.NAS 

[NBA2640 
INBA2650 

ITB( IBLKI = 
NS=N5UR4-I AS-1 

lNBA2bbO 
INBA2b70 

L V 3 ( I R L K 1 = L V A L U L { N S I 
L = L V B [ I B L K l 
1 3 L K A ( L * - 1 . ! T 1 = I 8 L K 
N B I B ! I R L K I = N B I L ( N S ) 

INBA2700 
IN6A2710 

N B V 3 I I 3 L K I = N B V L ( N S 1 
I B F S L = I B F L I N S l 

INBA2720 
INBA2730 

NBI=N8IB(IBLKI 
NaV=NBVB!IBLKl 
DO 120 IRI-1,N3I 

1NBA2760 
INBA277Q 

l a i T d f l l , 16LK1 = IB 
_MS=M5UB*iB-I 

INBA2780 
IN6AZ790 

N V A L U E d B , I T 1 = NVALUL( MS) 

Z E T A d R , I T l = R A D I L L ( M S l 

INBA2a00 
lNBA2eiO 

1 2 0 L V A L U E ! I B . I T r = L V B ! I B L K ) 
I S U B = 0 

N f l V = N 3 V 3 ( I B L K l 
INBA2860 
INBA2a70 

130 CONTINUE 
IBCFSTIiaLKl=IBFST 

READ ( I N P U T , 131 ( 3 C T ( I B I I , I 3 I = 1 , N B I ) 

INBA2880 
INBA2890 
I.NBA2900 200 WRITE (IOUT,202) 

INBA29Z0 
INBA2933 
IN8A2940 
INBA2950 
lNeA2960 
INBA2970 
INSA298D 
INBA2990 
INBA3000 
INBA3310 
INBA3020 
INBA3030 
INBA3040 
INBA3050 
lNBA30b3 
INBA3070 
INBA3060 
INBA3090 
INBA3100 
1N8A3110 
INBA3120 
IN6A3130 
INHA3143 
IN8A3150 
IN6A3160 
INBA3170 
INBA3180 
INBA3190 
INBA3200 
IN6A3210 

INBA3240 
INBA3250 
INBA3260 
INBA3270 

INBA3300 
INBA33I0 
INBA3320 
INBA3330 
INBA3340 
rNBA3350 
1NBA3360 
INBA3370 
INBA3380 
INBA3390 
IN8A3400 
INBA3410 

INBA3440 
IN6A34SQ 
INBA3460 
IN0A3470 
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202 FORMAT (IHl,'PARAMETER SIZE ERROR IN SUBROUTINE SASIN'l 

IST0P=1 
RETURN . ^ 

INBA3500 
INBA3510 

^ i l f l P P U T I N E ORBTLS . „ • , , . , , . , 
- T A T c U r A T E S ^ Y M M E T R Y - A D A P T E U B A S I S ORB I TAL S 

I M P L I C I T R E A L * 8 ( A - H . Q - Z ) . 

22 FORMAT (IHl//' 
ILEAR CHARGE *.12,' AND SOPHISTICATION LEVEL 
2S1NG BASIS SET INPUT OPTION.') , 

RESUBMIT UISBA354D 
INBA3550 

IST0P=1 
RETURN 

INflA35bO 
INaA3570 

I NUMT! 101 .NUCTl lOljJJJYMBjJ^dJYPAlAOjJ^OJ^JX^^n^^ 

~2 INVAT(30) 

ORBTOOIO 
ORBT002d 
3RBT0030 
ORBT0040 
ORBT3050 
DRBT0360 
0RBT3370_ 

"TlRatOOBO 
0RBT0090 

cjr,s;;ruiB^EF <jm^'ii^\i^^'^:^^n^^'^m.^i^iW.h- s-5î °o<} 
"^"^^TTorrrwsmoTOT ^ _ _ ^ ^ ^ _ ^ ^ ^ ^ _ ^ ^ ^ ^ ^ , , „̂ _ ^ ^ ^ 

COMMON/OUT .^/ASCOEF^^^^^.^^^ 
1 ISRUNT(1^OTTTANGTTTTO'I,IRAOT(1?OI,IHRST<BO 

^ ^ : ^ S - O T i f ° « i ^ ^ - « o l T , - ^ . rANcmTTATTTREPMmTTOWRTrvArr 

0R8T0130 
1^1501(40,aOi. IFB(5U).0RFT"0140 

ORBTO15^ 
"0R^BT"0160 

I VAL2.IPTYP( 141,IRPAP(141,1000.IRLOWL114 I 
0MM0N/WQRK2/DUMM(4I.JSUB,LUtG,NUMB,lJ^ 

0RaT017Q 
ORBTOIeO" 

COMMO 
CnMMON/F I LE S / 1 N P U J J J O U L _ 
COMMON/WORK 1/DUMMY 1 8 0 0 0 1 ^ ^ , , ^ ^ , , , ^ , i R F P l B ! 5 0 ) . I D E N T I 2 0 ) . 0 R B T 0 2 1 0 

^,!Kr«n-^oiij44ii.«--f;^i;'j-i^;i^U-5^^ 
" n T " A B E L . D U M M Y ( 7 8 7 5 ) l 

3 (NDEGB,DUMMY ( 7 9 7 5 I 1 ,_lNEVAL^j_DUMM Y 1 3 0 0 0 ) 1 
-DATA IHOL/MTCRUTVHDE S / , ' ^ ^ ^ ^ l ' " ; / , " ^ ! ^ J ' ^ / 1 

DATA I D E N T / 4 H CRU,4HDE S .4HYMME.4HTRY • ^ H y E C T , 4 

1 M , 4 H - T Y P . 1 1 * 4 H 
2 4HE b , 4 H E 7 , 4 H E 

1 H 0 L 1 / 4 H E 
8 , 4 H E 9 . 4 H E 1 0 / . 

4 HE 
I H 0 L 3 / 4 H . 

H= 2 . 4 H = 
H 0 L A N G / 7 H 

3 , 4 H = 4 . 
S . 1 0 * 2 H 

QRBT 
D f t B T 0 2 6 0 

_ O R 6 T 0 2 7 0 
C H B T 0 2 8 0 

4H0R S ,4HEUR . 4 H A T O D R B T 0 Z 9 O 
O R 6 T 0 3 0 0 
O R 8 T 0 3 1 0 
ORBTO 320 ' 

. a * 2 H ORBT0330 

. 4 H E 5 . 
I H 0 L 2 / 4 H = 

XY , 7 H X 2 - Y 2 , 6 * 2 H 
S I N . 7 H 2 COS . 7 H B 

ORBT0340 
0RaTO35O 

3 7H 3 COS . 7 H 4 S I N , 7 H 4 COS 
EXTERNAL BASFUN 

0 R B T 0 3 6 0 
ORBT0370 

N R A O A l I ) = 0 
I S O = 0 

O R B T 0 3 8 0 
OR6T039D 
O k B T 0 4 0 0 
ORBT0410 
ORBT0420 

y M M F i R Y - I p ^ P T J E T OF B A S I S E U N C T i n N S FOR GIVEN L - V A L J E . A T O H - T Y P E _ Q R B i a ^ 

I T = I T f l ( I B L K ) 
L = L V B ( I B L K ) 
L P 1 = L * 1 
I D E N T ( 1 ) = I H 0 L ( 1 1 
[ D £ N T ( 2 1 = l H O L ( 2 1 
I J E N T ( 1 0 1 = l H Q L l d T I 
I D E N T I 1 1 I = I H 0 L 3 
I D E N T ! 1 2 ) = 1 H 0 L 2 I L P 1 1 
L D E G = 2 * L t l 
NUMB = NUMTIITl 

QRBT0520 
0ReT05 30 
DRBT0540 
0RBT0550 

00 30 IA=l.NUMa 
IF (RADlUSdAl .GT.CRTZROl KFLAG=1 
DO 30 N=1.LDEG 

0RBT0560 
aRBT0570 

" ORBT0580 



£SQGBaMi_GEHj£QSI £ a m i t j £ i , 0 B a i L 5 -

I N D E X I I ) = I A " ~ " ' ~ 
3 0 L A B E L ! I I = H 0 L A N G 1 N . L P 1 I 

NBASI S = LOEG*NUMB ~~' ' ~~~^ " 
MPAR=0 
I F 1 l O O D . E Q . O . O R . K F L A G . E Q . l ) GO TO 4 0 
MPAR=1 _^___^ _ _ ^ 
I F ( 2 * ( L / 2 ) . N E . L I M P A R = - 1 ~ ~'~^ " ~ ~ 

4 0 CALL ADAPT 1 L , N B A S I S . B A S F U N . 1 . M P A R , I D E N T . O I 
" I F ( I S T O P . E O . l ) RETURN " ' ~ ' " 

I D P N T l 1 ) = I H H 0 L ( 1 ) 
I D E N T 1 2 1 = I H H O L 1 2 1 
CALL MATPRT I NBAS I S . 1 , I D E N T , C , V A L U . N M A X , L A B E L . I N D E X ) 

C * » * * GENERATE CROSS-REFERENCE TABLES 
! N Q = 0 _ ^ _ _ _ ^ _ 
0 0 l l I = 1 , M E V A L B 
NQI = NQ£GB( I I 
I R = I R E P L B ( 1 ) 
0 0 11 J = 1 . N D I ^ __^_^ 
I N O = I N D t l 

11 l A N G R I IND ) = I ANGA ( J , I R l ^ _ _ 
WRITE I I O U T , 1 0 ) ( l A N G B d ) , 1 = 1 , N B A S I S ) 

10 FORMAT ! / / / ' ANGULAR QUANTUM NUMBER ASSIGNED TO EACH SYMMETRY V E : 

DO t) I ^ l . N H 
L V I = L V P L U E ! I . I T) 
I F ! L V I . N E . L ) GO TO 6 
ITf<ANS = I T R A N T ( 1 , I T l 
I F l = I F I R S T I I T R A N S I 
ISh'UN = 0 _ ^ 
lS'rJ = l F I 
00 8 J = 1 , N E V A L J 

~ ~ ~ NDJ = NDEGR1J) ^ ^ 
I R J = I R F P L a ( J l 

C > » > CHANGE NEXT CARD I F CORRESPONDING D I M E N S I O N I S CHANGED 
I F I N R A D A I I P J ) . G T . 3 0 I GO TO 20 

I F ! I S K U N . G T . N M A X ) GO TO 2 0 
ISRUN=ISRUN-»- l 
L A d T 2 = 0 
00 12 K = 1 , N 3 A S I S 

1 S0= I SO-t-1 
IANG=1AN&alISRUN) 

IRADTIIS01=IRA0 
ISRUNT11 SOI=1SRUN 

8 CONTINUE 
6 CONTINUE 
1 CONTINUE 

DO 151 1=1,NOR 
IF (1ANGT!I ).EO-l I GO TO 151 

O R B T 0 6 0 0 
0RBTQ610 
O R B T 0 6 2 0 
QRBT0630 

DRBTQ660 
DRBTQ670 
O R 8 T 0 6 8 0 
ORBTOb90 

ORBT0720 
0 R B T 0 7 3 0 

0RBT074O 
0RBTQ75Q 
0RBT07bO 
0R6T0770 
0RBT0780 
ORBTQ790 
ORBTOBOO 

T0RBT081Q 
0RBT082O 
ORBT0B30 
ORBTO'840 
ORBT0350 

ORBT0880 
0R8TQ890 
0RBT0900 
OR6T0910 
DRBT0920 
ORBT093Q 
ORBT0940 
0R8TQ950 
aR8T0960 
DR6T0970 

VECU0910 
0RBT1300 

0RBT1030 
QRBT1040 
ORBT1050 
ORBTlObO 
QRBT1070 

ORBTlOeO 

0R8T1110 
0RBT1120 
0R6T113O 
ORBT1140 

eRQGBagl-GEm£Q&31 

DO 1 5 0 J = I , N O R 
I F I l A N G T I I ) . L T . I A N G F 
I F 1 l A N G T l D . E Q . I A N G T 
I T E M P = l A N G . T d ) 
l A N G T l I 1 = 1 A N G T ( J l 
l A N G T ! J 1 = I T E M P 
ITEMP=1RAI1T ! I 1 
I R A D T I I ) = I R A O T I J l 
I R A D T I J ) = I T t M P 

I T R A N I 1 l = I T R A N ( J l 
I T R A N l J ) = ITEMP 

150 CONTINUE 

151 CONTINUE 
DO 152 I - l . N O R 
I A N G = I A N G T I I ) 
IRAD = I R A 0 T 1 I 1 
I R E P T ( I ) = I R F P A ( l A N G l 
I S K U N = I S R U N T ( I I 
ITRANS = I T R A N ( I I 
t S O T d S R U N , I T R A N S I = r 

15? I S 0 0 ( I A N G . I R A D ) = I 
**** PRINTOUT OF TABLES 

WRITE (lOUT,501 (NRAOf 

-BPUimEi-QBaiLS-

(Jl) GO TO 150 
( J ) . A N D . l R A O T l l I . L T - I R A O T I J ) ) GU TO 150 

1 I) ,1 = 1.NREP) 
FORMAT (///• NO. OF TIMES EACH REPRESENTATION OCCURS'//1415) 
IF( INTeR.EQ-OI RETURN 

0RBT1170 
JRBniBO 
0R6Tll9a 
0RBTt200 

QRBTIZIO 
0R6T122D 
ORBT1230 
0RBT1240 
ORBT1250 
0RBT1260 
ORBT12?0 
ORBT12aO 
ORBT1290 
OR6T130Q 
ORBT1310 
0KBT132O 
aRST1330 
ORBT1340 
0RBT1350 
ORBT13bO 
0RBT1370 

QRBTiaao 

OkBT1390 
0RBTI400 
ORBT14I0 
0RBT1420 
0RaTl430 
OR8T1440 

WRITE dOUT,1551 
155 FORMAT (1H1T39X,'*** 

2LABEL RADIAL ANG 
3TRANS.'/19X,91(IH-1/1 
IA0NT=1 

DO 101 ISJ-1,N0R 

0R8T1450 
REFERENCE TABLES FOR SYMMETRY-ADAPTED BASIS ORbT1460 

0RBT1470 
0RBT1480 

R E P . S P E C I E S OUANTUM NUMBERS A T 0 0 f i d T l * 9 3 
S . RUNNING I N D E X ' / 1 9 X , ' F U N C T I O M INDEX Q R 6 T 1 5 0 0 
GULAR SYMBOL INDEX INDEX W I T H I N 0 R 6 T 1 5 1 0 

____^___ O R B T 1 5 2 0 

I R E P = I P E P A ( l A N G ) 
[RAD= IRAOT ( 1 5 0 ) 

* I T £ ( I 0 U T . 1 0 4 I 

I A O N T = l A N G ' 
0 0 105 I T = I . N A T Y P E 
NB=NBAST1 IT 1 
00 102 lfl = l ,NB . 
I F ! I T R A N T l I B . I T l . N E . I T R A N S l GO TO 102 
GO TO 1 0 1 

1 0 1 WRITE 1 l O U T , 1 0 3 ) I S O . 
1 1 TSYMBI I T l . I T . I T R A N S 

I R E P , I R T Y P I I R E P l . I R P A R d R E P ) , I R A D . I ANG. 
I S R U N T I I S O ) 

, l5,7X,I2,4X,2A4,5X,I2,8X.I2.8X.A2,aX.I2,8X,I3,9X 

0R6T1530 
ORBT1540 
0RBT1550 
DR6T15bO 
DRBT1570 
ORBT1580 

ORBT1610 
0RBTlb20 

QRBT1650 
0RaT1663 
0RBT1670 
ORBTlbBO 
ORaT1690 
DRBT1700 

20 WRITE (IDUT,211 

13/1 DRBT1710 
0R8T1720 



PB0aE4B=.-F-I'THFnRY R u u i m E i - n R B i i - S — P 6 i i £ — a i 
PRisea^ i . sKiBEQiiic-

RQUI1M£1 BaSt l i t l -

21 FORMAT ill- «»RAY I IMTT EXCEEDED IN SIIHROUTINE ORBTLS-I 
S U 8 R _ M U N ^ J l i S F y i l J U N 8 A S I S ^ F l W x ^ ^ 

ISTOP=l 
RETURN 

QR8T1750 
ORBTI760 * ON ATOMS . ^ 

IMPLICIT REAL*3 < *-*^'"^"J ' ,,. , ^^, , ^CTIV , :>n i . P M H 30 ) .NATOWS , NAT YPE 

|NVAT(30) 
T i ^ ^ M 7 w o R K 2 7 x P 7 Y P T l P T R ^ 7 J ^ ^ 
nMMnN/XYZ/XG( 1440) . YGI 14401 .ZGH440) . X( 30) , 
DIMENSION FUNCItluui 
JSUB=0 

r(301,Z1301 



£ 6 a G B a M = . ^ £ m £ a a x R Q U i i i i £ i . i f a L i i £ e a G £ _ _ _ f e 3 P R n G R A M : _ ^ e m £ a s t S Q m i t ( £ i - Y a L U £ P A G E 

SUBROUTINE VALUE IL,FUNCTl 
RETURNS VALUES OF 2*L*1 BASIS FUNCTIONS AT POINT X.Y.Z 

FaCTCR=3.D0*(R2-Z2) 
FUNCTl ISUB*61=C0NST*Y*1FACT0R-4.D0*Y2I 

i\T:'z/.T.v.\irA....no..oi, RUOT3/..M.0.0BOTS.S3TTW.—ii'iSi'o ^i]::^ij!^uSi^!"1]^ t'CS;;^:!^;^n;;fu^n^^^i^^^FACTOR,/» E ^ 
I HRTlO/l.5311363300641396/, HRU0T6/1.22^7448713915890/, VALU0070 RETURN '<2*(X2 FACTOR I*FACTOR*FACTORI/R5 VALU0b40 

30T15/3. 872933 3462074169/, R T35/5. 91b0797830996r607; " VALU0383 ""END ~~' " " ' " • VALU365Q 

C**** G FUNCTIONS 

3 RT70/3. 30660026 5 340 7554/ _ ^ VALU0090 
'-fl = L*l ~ " ~ '^ " " " ' VALUOIOO 
G O T O 1 1 . 2 . 3 , 4 , 5 1 . L P l V A L U O l l O 

C « * * » s FUNCTION ' ' ~ V A L U 0 1 2 0 

1 F U N C T l I S U B + 1 ) = 1 . 0 0 / R 2 V A L U 0 1 3 0 
~ RETURN — - - ~ V A L U 0 1 4 0 

C*<.*.>: p FUNCTIONS _ ^ _ ^ _ _ ^ V A L U 0 1 5 0 
2 R 2 = 1 . 0 0 / R 2 - — " " V A L U 0 1 6 3 

FUNCT! ISUf l -«- l l = Z*R2 V A L U 0 1 7 0 
F U M C T ! I S U e - ^ 2 l = Y * R 2 V A L U 0 1 8 0 
F U N C T l I S U B + 3 I = X * R 2 V A L U 0 I 9 O 

~ ^ F T U R N " - - " — " • • - V A L U 0 2 0 0 

C * * * * D FUNCTIONS ^___ ^ _ ^ _ ^ _ ^ V A L U 0 2 1 0 
3 R3 = l . D O / l f t 2 * R 2 l ~ " ' ' ' " " " V A L U 0 2 2 0 

FUNCTl 1 SUm-1 1 = 0 . 5 0 0 * [ 3 . DO * Z * Z - R 2 1 * R 3 V A L U 0 2 3 0 
RZ=R00T3*Z*R3 

FUNCTl 1SUB^^21=Y*RZ 
FUNCTl ISUB-*31=X*RZ 
FUNCTl ISUB«-4l=R00T3*X*Y*R3 
FUNCTl ISUB + 5)=RarjT3*lX*X-Y*Y)*!.5DO*R3) ~ '~ ' ~~~ '"VALU0280 
^"""ij^ . VALU0290 

C*t#« F FUNCTIONS VALU0300 
———^ X2-X*X ^ ^ VALU0310 

VALU0243 
VALU0250_ 
VALU0260" 
VALU0270 

R4=R2«R2 ~^ ~~ ~ 
FACT=5.00*Z2-R2 
FUNCTl ISUB-t-l)=Z*lFACT-2.D0*R2 1/R4 ' 
FACTUR=HP0nT6*EACT/R4 ^ ^ VALU0370 
FUNCTl ISUfl-t-21=Y*FACT0R~ ' ' ' ' ' VALU03aO 
FUNCTl ISUB-»-31=X*FACT0R VALU0390 
FUNCT! ISUB«-41 =ROUTi5*2.00*X*Y*Z/R4 " ""̂  " '"VALU0400 " 
FUNCT! lSUB-t-51=R00T15*Z*lX2-Y2)/R4 VALU0410 
FACTDR=3.D0*1R2-Z2I VALUQ420 
FUNCTl ISUB*-6I=HRT10*Y*!FACT0R-4.00*Y2)/R4 VACUO43 0 

VALU0440 
VALU0450 

V A L U 0 5 3 0 

R 5 - R 2 * R 2 * R 2 V A L U 0 5 0 0 

FUNCTl l S U B - d l = ( l T . 5 O 0 * Z 2 * Z 2 - 1 5 . D O * Z 2 * P 2 - d . 5 D O » R 2 * R 2 1 / R 5 V A L U 0 5 1 0 
FACTOR = H R T 1 0 * Z * l U - D O * Z 2 - 6 . D 0 * R 2 l / R 5 ' ~ " " V A L U 0 5 2 0 " " 
FUNCTl I';uB-t-2 1 - F A C T 0 R * Y 
FUNCTl ISUB- t -31-F AC TOR*X 
FACT0R=R0DT2 * H R T 1 0 * 1 7 . D 0 * Z 2 - R 2 1 / R 5 
FUNCTl I S U B t 4 l = x " * Y * F A C T 0 R * 2 . D 0 ' " " ^ ' 
FUNCTl ISUB-»-5 1 ^ 1 X 2 - Y 2 1*FACTOR 
CONST=RT70*Z/R5 " ' ' ' " "̂  
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J T T c i m f r ^ f m t ^ o T N T ^ W o u i r ^ r T r ^ T T J i J i M ^ W T o ^ 
I M P I I C I T R c A L * 8 1 A - H , n - Z l ^ ^ ^ ^ ^ _ ^ -~ ^— 

--F^5M^rr7cr^npr7"CRTlM",C^VTOFG. IST0^ 
r n M . n N / P R n T C O / C O P R O ( l H 0 2 ) . E V P 1 5 b l . I R E P L ! 2 5 I . N E V A L P 2 
C O M M O N / O U T 3 / N R £ P . N D £ u A ( 1 4 1 . 1 A N G A ! 5 . 1 4 l . I R E P A ( 3 2 l . l O R O E R . L V A L i . 

1 i v /A i 7 . I R T Y P ( 1 4 ) . | ^ P A R ! 1 4 ) , 1 0 D D . I R L 0 W L 1 1 4 ) 

" - ro"MMnN7nu"T47 'VCCOEF ( 2 3 5 0 I . I VCCa ( 8 5 , 14 I . I F VCC( 50 I 

COMMON /W I GN E I - ' / S 3 J l 1 7 , 1 7 ) , Z 3 J 1 1 7 . 17> . ^ — 
C O M M , T N / F I L " E S / i N P U t . l O U T 

COMMON/WQRKl/DUMMY I 8 0 0 0 ) 

VfcCUOOlO 
V fcCJ0020 
V E C J 3 0 3 3 

"IF (DARS(AA!I11.LE.CRTZRO) AAII1=0"T 

(|-,^cMr.a..l>..F.CRTZRO) BDd)=0-

VECU0040 

VECJ0030 

VECUOObO 

VECU0070 

VECUOOBO 

VECU0390 

85 CONTINUE-

IF IISTOP.EQ.IL.IEIUIN 

RE3U1RFCI 3-J SYHBULS 

4JTi^F?fef^k^'I^M^^^pmErw-WBSPE^ 
(INTER.NE.01 WRITE ( I m^T_aiO01 

VECUOIOO 

VECUOllO 

H B O FORMAT C l UNNURMALIZED V . C . C . S ' / l 

I F V = 1 

H 1 ( 1 0 B 9 ) . A r . ( 9 M ) . B U ( 9 6 1 1 . I R E P L B ( 5 0 ) . V t L O U i ^ u " 
V E C J 0 1 3 0 

. " N S I O N V C T E M P ! 2 5 ) . A A I 1 0 3 9 1 

' p n ' i ' n VALENCE l A A , D U ^ ^ Y ) T r B ^ 7 D U ^ " Y ' ( 1 0 9 0 1 ) , l A O , O U H M Y 1 5 U 5 1 1 ) , ' 

L " B j y 5 u M M Y ( 6 ! ) ? 2 ; ) ^ V C j i l ' P _ ^ D U : i M V _ ( _ 5 ^ ^ ^ 

2 I N D E G S . D U M M Y ! 7 9 7 5 1 I . I N E V A L S , O U M M Y I 3 0 0 0 1 ) 

DATA I H S / I H S / . t H A / l H A / 

fiii(iT2 = D S a R T 1 2 . D 0 ) 

NEVAL = NEVALP1 1 I ^ ^ — " 
L D £ G = 2 * L V A L 1 + 1 
L P 1 = L V A L 1 * - 1 . .- — — — 

I V C B = 0 
I S U B 3 = - 1 

N D M A X = i 

I F 1 i n p n F R . E U . 2 4 . A N 0 . N R E P . E Q . 6 1 N Q " A X = 2 

I F ( I 0 R J E R . E 0 . 1 2 . A N U . N R E P . E Q . 3 I N0MAX=2 

I A N T I = 0 .. 
NAJN 
MR=NREP ^̂  _ 

• IF 1 l O D D . N E . O I NR = NRt P / 2 

NR2 'NR 
OhTLRMINE I F SOME V . C . C . S ARE 

n n 5 0 1 = 1 . N P 

ANT ISYMMETRIC 

I F - ( N D E G A ( d " . G T . N D M A X I NR2=NR+2 

5 0 NAiJN = NAON*-NnEGA(I I 
I F ( N A ' , ^ N . G T . N P ) I A N T 1 = L 
I F 1 N D M A X - F Q . 2 I N R 2 = N R 2 - 1 

ISUB 

LODO 
" I F 1 [ A N T l T K i T T l CALL OODGA ( L O D D . L O D E G ) 

i r S S ^ T ^ ^ T Y P E VECTORS I N C O N V E N I E N I FURM 

OJ 1 J = 1 , L D E G 
J J = L P l - t - L D E G * l J - l l 

_ a A ( J J I = C n P R 0 ! i S U B t U 

B B ! J J l = 0 . 

PHASE = 1 . P 0 , 

DO 2 M = l . L V A L l 

J P = J J * " 
1 = J J -

I S U B 2 M = 1 S U B » 2 * M 
PHASE=-PHASF 
Ci]FF = Cnp a m 1 S U 3 2 M > 1 1 / R 0 0 T 2 
A A ( J P 1 = P H A S E * C 0 E F 

AAl JM1=C0EF 

Ci-IFf =C0PR01 I S U 3 2 M ) / R 0 0 T 2 

B B ( J P ) = P H A S E * C O E F 
2 3 3 1 J M ) = - C 0 E F 
I I S U B = l S U H » L n E G 

L 0 2 = L U F l i * L 0 E G 

VECU0140 
VECUOl'^O 

~ L A 3 T 3 = 0 

MARK 

VECU0160 " 
VECU017Q 

I 3 = 1 . N E V ' U : 
1 A 3 E L 3 = I R E P L ( I 3 1 

VECU0180 
VECU0190 

I R 3 = L A B E L 3 
N D E G 3 = N D E G A ( J . ^ ^ t k ^ X 

VECU0200 
V t C U 0 2 l 0 
VECU0220 " 
VECU0230 

V E C J 3 2 4 0 
V E C U 0 2 5 0 

i r T L " A " 3 T T 7 E 0 . L A 3 E L 3 ) GO TO 9 

I E < N n F t , 3 . L £ . N D M A X ) LABT3 = LABEL3 

" I F ( M A R K . E J . 1 1 L A f l T 3 = L A a E L 3 

I F ( M A R K . E Q . l ) 1 R 3 = I R 3 ^ 2 

I F ( W A R K . F Q . l . A N U . ' M U 

! S U B 1 = - 1 

iAX.EQ.2) IR3=1R3-1 

VECU0260 

VECU027Q DO 5 11=1.NEVAL 

VECU02B0 

VECU0290 

VECU0300 

VECU0310 

LAB£Ll = lREPLdl) 

NnFr.l=NDE&A(LABELl) 

IE ILArfTl-EO.LABELlI GO TO 5 

LABT1 = LABEL1 ^ 

VECU0320 

VECUQ330 

VECU0340 

VECU0350 

ISUB2=-1 
00 7 I 2=1, 11 
LABEL2 = IREPLd21 

NDE G2 = NDFGAlLAaEL2) 

VECU0360 

VECU0370 

IF !LABT2.Eg.LABEL2l GU TO 7 

LABT2=LABEL2 

VECU0380 

VECU0390 

TnPR^'rB"EL2 + LA6ELi*lLAHELl-ll/2 

IE 1 ionL^xo-gi_GU_IP-il— 

VECU34D0 

VECU0410 

L A a i N R = L A B E L l * N R 

I AB2NR = LABEL2*-NP 

VECU0420 
VECU0430 
V E C U 0 4 4 0 
V E C U 0 4 5 0 

I R N R 2 = ! R 3 + N R 2 
L r E M = L a B l _ N R * l _ L A B l N R - l ) / 2 

^ T f j P ^ l = L A3 2 N fi" *-L T E M 
I D P R 2 = L A B E L 2 + L T ^ M _ 

V E C U 0 4 6 0 

V E C U 0 4 7 0 

- f 0 P H 3 ^ L " A r E " r r M r A a 2 N R * ( L A B 2 N R - 1 1 / ^ " 

2 1 IVSUB^O 

V E C U 0 4 8 0 
VECUQ490 

DO 10 IG3=l ,MDtGi 
ISG3=! I SUB2* I_G3ilL2iG_ 

VECU0500 

VECU0510 

! M A R K . " E J . O " I GO TO 2 7 

I F l N D M A X . E O - 2 1 GO TO ' 

V E C U 0 5 2 0 
V E C U 0 5 3 0 
V E C U 0 5 4 0 
VECUQ55D 

^T^TNDFGr:L"TT5T0P.NDEG2.LT.4) GO TO 13 

IF 1NDEG3.FQ.4.ANO.N0EG2.FU.4) GO TO 13 

"IF IN0EG3.EQ.41 GO TO 24 

GO TO 27 

VECU0560 

VECU0570 

6 0 I F ( N D E G l . L T 

GO TO 24 

r O R . N D E G 2 . L T . 3 l GO TO 13 

VECU0590 

VECU0606 

VECUOblO 

VECU0620 

VECU0630 

VECU0640 

VECU0650 

VECU0710 

""V"tCU3"72"0" 

VECU0730 

~ VECU0740 

VECU0750 

VECU0580 C* 
f S a S P E c t E S LOOP FOR SYMMEI R I C VECTOR L U U P L I N G C O b h U C l b N I S 

VECU07bO 

VECU077O 

VECU0780 

VECU0790 

V£"CJOaQO 

VECU061Q 

VECU0820 

VECU0B30 

VECU0840 

VECJQ85Q 

VECU0B60 

V E C U O B 7 0 

VECU0B83 

VFCU0890 

VECU0900 

VECU0920 

VECU0930 

VECJQ94Q 

VECU0950 

VECU0960 

VECU0970 

VECU0960 

VECU0990 

VECUIOOO 

VECUIOIO 

VECJ1020 

VECU1330 

VECU1040 

. ECJ1050 

VECUlObO 

VECU1070 

VECU1083 

VECU1090 

VECUllOO 

VECUlllO 

VECU1120 

VECU1130 

VECU1140 

VECU115C 

VECJllbC 



PRUilBaM:,GEm£JEJC SQUIINEl.VEi^UEL £aG£___6I P^JGE4Ml-G£IH£UEt ^Limi^£l_iJLC:UEL EflGE 63 

27 S N Q K M = 0 . 

I V S = 1 
on 34 K=1.LDEG 

VECU1190 Ml=^ -L^ ' l v ic rm v^r^ 
' S l M . N U E G l ^ ^ VECU1200 « L . < : r - w . .*(!^^^Z^0 

ISG1=( ISUB 1*IG1)*LDEG VECU1210 PHASF=2.00 

lG2-l.NDtG2 ^ VECU1220 DO 34 N=l.LODEG 

VECJ1780 

VECU1790 

ISG2=!ISUB2vIG21*LDtG VECU1230 PHASE=-PHA5E .^^^^'^"Q 

S U M = A A d S G l ^ L P I l * A A [ I S G 2 > - L P M * A A d S G 3 * - L P l ) * S 3 J d . l ) VECU1243 M3=N-L0Pl u ^ r ^ J ^ l " 
DO 11 K=LP1.LD-£G ~ — ~ — — XTETUITSO N3=ISG3*N ' ' " — — w S f U S 

^ l = '<->-Pl VECU1260 M7=M3-M1 ^^^"^J!?? 
VECUI840 

K l - I S G l + K VECU1270 IF 11ABS (M21 .GT.LV AL 1 I GO TO 34 -UFrina^Ti 
LIM=LD£G-Ml VECUUaO KN2= I SG2*LP1*M? ,^^^!^^?^? 
DO 11 N=1,LIM VECU1290 fT^O^^ 
IF (M l .EQ.O .AND.N .LE .LP t l GQ TO 11 VECU1300 

VECU1360 
VECU1870 
VECU18B0 
VECU1390 
VECU1900 

N2^!SG2+N VECU1310 IF !B0 (N31 . f cO .0 . I GO TO 87 
M2-N-LP1 . ^ ^ VECU132D T 1 ̂  1 BB (K 11 *aB ( KN2 1 - AA ( K 1 )*AA1KN21 l *Bn (N3) 

^^^yy^J- _^ VECU1330 87 IF ( A0( N31 . £ 0 . 0 . ) G"0 TO 88 VECljT91^ 

VECU1340 T2=18B1K1 1*AAI KN2 1 *AA! KI I *BB I KN2 1 I *A0( .N3 I VECU1920 
TT-rrrz^-^^^ ' " ^ VECU1930 

'^ 5 UB 2=IABSlM3lTT " ' ' ' - " " VECU1370 ~ SUM= SUM + T 3*SYM33J! Ml ,M2, M3 ) * D H A S E " ~ VFCU1950 

r . . M . ^ f p : ' ' ! ; r ^ " "^^ ' ° ' ' — — — ' VECU13BQ 34 CONTINUE ^ ^ ^ ^ VECU1960 
KN3-M3-»-LPl-MSG3 VECU1390 IE ( DABS ( SUM 1-LE - iToTT ' ~ ' 

IF 12* !M3/21.NF.M3) PHASE=-PHASE VtCU135D a3 T3 = T1 

MSJB1=IA6SIM2-M1)/2>1 — ^ VECU1360 [F IT3^EQ.O. ) GQ TO 34 

T1 = 0. IM=0. VECU1970 

VECU1400 VCTEMP! I VS t^SUM V£CU19aQ 

~~ VECU1990 

^ ^ VECU2 3 00 

'^'^-^' VECU1410 SNQRM=SNORM-t-SUM*SUM 

IF 1AAUN3I.E j.O.) GO TO 80 VECU1420 tVS=IVS+l 

T1 = 1AA1K1|*AA(N2|-3B(K11*3BIN2) I*AA1KN3) ' ^ ' vlc"u"l43 3 33 CONTINUE " " 
IF 1BB1KN31.EQ.0.1 GO TO 82 ^ _ ^ VECU1440 IFLAG=IHA 

T?=lAAlKl)*33(N2UBB(Kl)*AA!N2 1l*BB!Klm ' ' " VbCU1450 IF ( SNORM .LE. 1 .00-61 GO TO 13 

VECU2310 

VcCU2020 

32 T3-T1•^I2 ^ ^ VECJ1463 23 R TN:)RM=DS'3RT ( S NORMl 
IF (T3.EQ.0.1 GO TO 11 

VECU2033 

VECU2040. 
VECU1470 IF ! IG3.GT.1I GH TO 35 ' " ~ " ~ VFCi|?n5n 

-TTTW; N u r ' ' " - " " ' " " ' " ' " " " " " ' " ^ vECui-ao I V C B ^ . V C B ^ I \ftln<j\l 

/I ,y . . . VtCU1490 1AVB=IVCB VECU2070 

T S V r 0 ^ ^ - " ' " ° ' - - ^ ' ^ ^ " ^ " | " g '' '•^tAG.EQ.IHA, .AVB—VCJj If^Alll 
v i , i cnh - i i v s ( -5U" l VFCi l lS in wirrat inoa IOM I _ I AWQ zr:. -SNURH.SNORH.SUM.SUM \f^,\\\ j^^^g j JS^gj i ; ^ ! ' ' " " lf^J,\Z 

- § ™ j ^ i VEm"o° "• irilNTFR.FO.n, CO TH ,nn ".fZX'^, 
" " ' " " E VECU1550 N I . I 2 = N O E ( ; I . N D T G 2 ' t c u z i a y 

IF ISNORM.GT.CRTtROr-G^-Frm WuS^a ^ »<» T E (1 OUT • 1000 I LABEL 1 , L ABFL 2 , LABEL 3 • 1 F LAG , I VC TEMP | J VS I . JVS = I , MECU^l.O 

IF lLABFL l .Ea .LABEL2.AND.NDECl .GT. l l CO TO 2A VECU1580 lOno FORMAT 1 / 3 I ^ .<. , . , H , . A , . , M w , , » „ „ , « , n , , " " . " ? . ' ' ? •F ,LABFLUEP.LABELi.ANu:NUEc;:oT:n o5 TO 2. 7^.'^f. .XT, ^^Z^!^!'!r^N^!^^!;'^^^^^^f^;:/gi' ^§y|iM 
IF (LABEL2.EU.LABEL3.ANO.NDEG2.GT-11 GO TO 24 VECU1600 

VECJ1590 C * * * * STORE V.C.C.S AND THEIR ADDRESS TABLES 

100 00 12 IG1=1,NOEGl r.-\ Tn—TJ ~~ — ^ ^ ^ — ~ . .••i.^.mvju l u u UU vd. H J I = L ,NU t l j i UFTiiP i «n 

B E ES LOOP FOR ANT , S VMMF TR, C . . C . C , ^ M l H I ^ ^ ^ , 

no 3n"T 1 K,Fv., . VECUTSTO T V S U B T T V S B B T T " " ^ ^ " ° ° -
00 30 l^ l .NEVALS UFr i i i f , ^n i v s - T U ^ + i VECU2210 

, yy.liZ VECU2220 
2 CONIIN.IE VECU223D 

r ,n TO 1 3 • IF [ 1 G 3 . G T . 1 I GO TO 1 0 l / F r o J ^ i O 
? S G 3 - l l s u B O . I I 3 1 . I O O F r VEC01670 [F l I O D D . l o . O I GO TO 10 Wrm^t,, 
SNORM-O VECUlBaO 1 VCC B 1 1 DPR . 1R NR2 I =0 Ifr.Mll 
? « - ? VECUre90 IVCCBdOPBl-.TRThTAVB l l / t . W i l 
tVS-1 UFri l lTOn ,.,rr „.,...,.,. , ......... VECU2270 

VECU1690 IVCCRi IDPRl", IR3) = I AVB 

"^1-"?'.?? IVCCBI 10PR1,1K.<R2I»0 UFr i iP jpn 
" E t U l T l O IVCCB( lDPR2, IRNR2| . lAVa " " " " g g -

' IVCCBI1DPR2, IR3) = 0 „ ' ; " " „ ! : 
IVCCB,I0PR3,IR3V=0 

VECU17<tO [VCCBl I0PR3,iRNR2>=I AVB 

DO 33 I G 2 = 1 , N D E G 2 ' VECU1730 
lSG2»l lSUa2»IC2HLDEG VECU17A0 JO^^o I InoC ^ i : . ' ; ; i ^ VECU2310 

VECJ2320 

http://SNURH.SNORH.SUM.SUM


p R Q G s a ^ i - G g m t ' j a i -
_ R Q U I I ^ b l - t f £ t . U E L — - - - g a G £ fa2 

VECU2340 

P R 0 G P A M L _ Q E I H L L ! P 1 -
.^EQUiJiiLi-QUusa e a ^ ^ — ^ ^ 

I F V = I F V t N D r G l * N D E G 2 * N D t G 3 

I S U 3 2 = I S U B 2 - * - N D I : G 2 . 

ISUB1 = ISUB1*-N0EG1 

IF (MARK-FQ.n) GO TO 91 

VECU2470 

VECU2480 

VECU2490 

VECU2500 

9 1 IF ( N D E G 3 . & T . N D M A X I MARK=1 

9 l S U 8 3 = I S y B 3 _ * N ^ E G 3 

VECU2510 

VECU2520 

" f l ( i O T D E R 7 E ^ T 6 0 . a R . I 0 R 0 E R . e Q . l 2 0 l CALL O R l H U b 

C A L L V P R I N T (NOHAXt ^ . . 

VECU2530 

VECU2540 

RETURN 

END 

VECU2550 
VECU2560 

SUBROUTINE P00GA_ ( L O D D , L L I . M T i - ^ V M M F T R I I PROTUTYP. 
~ G F N E R A T E S ~ " " S Y M M T T R Y - A 0 A P T L O S E T O F A N T I S Y M M E T R I C P K U I U I T M 

I M P L I C I T kFAL*_3__ (_A : :H . rw_ i__ 

FUNCT10NOOnG3323 
QUDG0030 

r , " M n N / 0 U » / N R E P . N n E G A I l A | , . . N G A , . , l M . l R E R A . 3 2 1 . 1 0 R D E R . L V A L L , 

- I » f l i 7 l » T Y P d 4 1 , I ' < P A R ! 1 4 1 , m o o , l ° L n ' / , L ( 1 4 I 
C0MMaN;PROTCO COPROI l B 0 ? > . E V P ( 5 b l , ^ l R E P L 1 2 5 1 , N E V A L P 1 2 1 . 

• S S f c ^ ^ r k r C R t l R 0 7 r R T D E " G n s r Q P , I N T E R . L F L O M l 101 

'ON / F I L E S / I N P U T , I O U T ^ __ -^ — 

OOD&0040 

OODGOObO 

ODDJ0070 

OOOGOOaO 

ODDG0090 

ODOGOIOO 

>. - . - ---• -- ^ . • ; OOOGOllO 

j^g;^^^r^r::^!°S„.0,.,OENTI20..AO.,M..BO,.M,.VALU.SO, OD0GOL20 

1 , C I 5 0 , 5 0 I , 1 R E P L B I S 0 I , N 0 E G ( 5 0 I „ „ , , , » „ .o^MMY ( 5 0 5 1 ) I , ODDG0140 

D I M E N S I O N L A R 1 5 ) a D D G 0 1 7 0 

EXTERNAL THL^-K — , . . • - ^=7.-̂ —7 ^ ODDG0183 

2 4 * 4 H / .—_ — - ' OOOG0215 

QODG022O OATA 
NMAX=50 

1/2,1.3,5.4/ 

L O 0 O = L V A L 2 
I F 1 I G U O - E u . O l GO TO 2 
N E V A L = N E V A L P I 2 1 
!RASF = N E V A L P I 1 I 
DO 11 1 = 1 , N E V A L 
I R E P L B I I ) = I R E P L ( 1 * 1 B A S E ) - N R E P / 2 

L A B L E = I R E P L B ( 1 1 
11 NDEG( I ) = NDEGA(_LABJ^^j_ .̂  ^ 

* L 0 0 D * 1 
L H = 2 * L V A L 1 * 1 
ISUB=LL1*LL1 

DO 1 J=1.LL 
V A L U l J ) = E V P ! J * L L l ) 

o n 1 1 = 1 , L L 
" I S U R = ! S U B 

1 r ( I . J ) = C 0 P R 0 1 i S U B ) 

GO TO _ 
• I F ( L V A L l . E Q . 2 1 L0QD=3 

I F ( L V A L l . E Q - 4 ) L 0 0 0 = 5 
I F I L V A L l . E O . 6 ) L 0 Q D = 9 
I F ( L V A L l . G T . 6 ) L 0 D 0 = 15" 

3 L L = 2 * L 0 0 0 - * - l 
T T A L T WTG3J I L V A L l . L V A L l . L O D D , I S T U P I 

I F 1 I S T O P . F Q . I I RETURN 

I N D E X ! 1 ) = 
L A B E L ! 1 ) = H 0 L 2 
0 0 2 0 M = 1 . L 0 0 D 

M 2 P 1 = M 2 * 1 
I N D E X ( M 2 1 = M 

" I N D E X ( M 2 P l ) = 
L A b F L ( M 2 ) = H 0 L l 

2 0 L A B E L ( M 2 P l l = H O L 2 ^ 

I F •( l O D D - E i J . l ) GO TO 1 r •! I L. LJ, ' - 1- ^ . *- I •-*•-' • — ———--— 

"9 CALL ADAPI 1LODO,LL,THLMK,1,1,IOENT.OI 

ODOG0230 

0DD&0240 

OODG3253 

0DDG02bQ 

0OOG027O 

QQQGOZaO 

ODDG0290 

0Q0GQ30D 

OODG0310 

3DD5O320 

ODDG0330 

0PDG034Q 

0Q0G0350 

0DDGQ36Q 
0D0G0370 

00DGQ380 

0DDG0390 

0DDG0400 

0DDG041D 

aDDG0420 

0DDG0430 

ODDG0440 

0DDG0450 

OD0G0460 

O0OG0470 

UDUG0480 

ODDG0490 

0OOG0500 

ODOG0510 

0DDGQ520 

0DDG0530 

0D0G0540 

OOOG0550 

0DDGQ560 



£2lJGBaMx_^HIIj£jai_ aQUIlta£l-Qi3iJGa- E E 2 G S a M l _ G P i a L Q B Y - -Ei imi l iLl -QEI tJQG E a G E , , _ Z 2 
I F ( I S T O P . E Q . l ) RETURN 

I F ( N R t P . E Q . 5 , A N D . I 0 R D E P . E Q . 2 4 ) GQ TO 30 
GO TO 7 

3 0 DO 35 1 = 1 , N E V A L 
U A H = l R E P L 3 d 1 

0 D D G 0 5 8 1 
0QDG35B2 

SUBROUTINE OR THUG 

DO 36 J=l,5 
IF 1ILAB.EQ.Jl IREPLd!II=LAfllJ) 

OOOG05 8 
00DG0584 

SCHMIDT ORTHOG'JNALIZFS UOUBL Y-OCCURRl NG SETS OF V - C . C . S FOR POINT O R T H 3 3 2 0 " 
GROUPS K AND K_U1)_ O R T ^ 0 0 3 0 

3 6 CONTINUE 
35 CONTINUE 

ODDG0565 
0 0 0 6 0 5 8 6 

I M P L I C I T R E A L * 3 ! A - H , 0 - Z ) 

C n i M O N / C O N T R L / C R T Z R O . C R T D E G , I S T O P , I N T E R . L F L O W t 1 0 ) 

I F I I N T E R . E Q . O l GO TO 4 

CALL MATPRT ( L L . 1 , I D E N T , C , V A L U , N M A X , L A B E L , I N O E X ) 

QDDG0587 
0 0 D G 0 5 6 8 

C O M M O N / O U T 4 / V C C 0 E F I 2 3 5 O 1 , 
D I M E N S I O N & ( 2 5 ) , B ( 2 5 1 

I V C C B ( 8 5 , 1 4 ) , I F V C C 1 5 D ) 

OD0GO590 
ODOGObOO 

D I M E N S I O N C ( 2 5 , I D ) , N D £ G ( 2 ) . I R E P L B ( 2 ) 
NCMEE=2C 

WRITE ( I G U T , 1 2 I ' DODGOblQ 

12 FORMAT ( / / ' REPRESENTATION INDEX ASSIGNED TQ EACH SET OF V E C T O R S ' I 0 D O G 0 6 2 0 
WRITE ! I 0 U T , 1 0 1 1 I R E P L B d I , 1 = 1 , N E V A L l ~ ~ ' " ~ ~ ~ QDDG0630 

1 0 FORMAT I / / 1 6 1 5 1 QDDG0640 

I N 0 = 1 4 
1 VC3I = I A 6 S d V C C 6 1 I N 0 , 5 1 1 
I V C B 2 = I A 6 S 1 I V C C 3 ! I N D , 7 t 1 
I F V 1 = I F V C C I I V C B l l - 1 

4 R O n T 2 = O S Q K T ( 2 . 0 0 1 
L P l = LOOD-d 
I S U 3 = 0 
no 5 1 = 1 , L L 
J J = I S U B * L P l 
A O ! J J 1 = C ! 1 , 1 ) 

J M = J J - M 
M2=2*M 

PHASE=-PHASE 
C0EF = C l M 2 - t - l , l 1 /R0QT2 
A O l J P I = P H A S E * C O E F 
A P I J M l = COEF 

C 0 E F = C ( M 2 , I I / R 0 0 T 2 
B O ( J P ) = P H A S E * C 0 E F 
BO!JMI=-COEF 
ISUB=ISUB4-LL 
RETURN 
END 

I F V 2 = I F V C C ( 1 V C B 2 I -
KK = 0 

ODDGObSO 
0DDG0660 

00 2 K=l,5 

OODG0b70 
ODDGObBO 
000G0690 
O0DG07O0 

no 1 I=1,NC0EF 
J=d-KK 

00DG0710 
0QDG072Q 

Al II=VCCDEF1IFVltJ) 
HI d^VCCOEFl IFV2*-J I 

QODG3730 
0DDG0740 

1 SUM=SUM«-Ad I*Bd I 
IF (K.GT.ll GO TO 

ODDG0750 
QDQGQ76Q 

SNnRM=DSQRT!l.DO-SUM*SUM) 
DO 3 1=1.NCOEF 

0DDG0770 
00DG0780 

J=I-*-KK 
TERM=(aiII-SUM*A(I)1/SNORM 

0DDG0790 
0DDG0800 

I F I 0 A B S ! T E R " M " ) . L E . C R T Z R O ) TERM= 
V C C O E F ! I F V 2 » J 1 = TERM 

0D0G0810 
ODDG0820 
ODDG08 30 
000G0640 

C**** SIMPLIFY SETS OF COEFFICIENTS FOR V X V -
00 7 1 = 1,2 

0O0G0850 
000GQB6Q 

NDEG(I 1 = 5 
IREPLBII)= 

DO 9 1 = 1 , 2 5 
J=I -»KK 
C l I , K l = V C C n E F l I F V l - f J l 

9 C l I , K * 5 1 = V C C O E F ( I F V 2 « - J ) 
3 KK=KK-*-25 

CALL CLEAN (C,25,NDEG,2,IREPLB,25.CRTZRO,0| 

DO 11 1=1.25 
J=H-KK 
VCCOEF!IFV1*J)=C(I,K1 

11 VCC0EF1IFV2*JI=C(I,K»5 
10 KK=KK-t-25 

IF (IN0.EU.15) RETURN 

GO TO 
END 

QRTHa040 
URTM0350 
0RTH0060 
ORTH0370 
ORTH008 
ORTH0090 
ORTN3100 
QRTHOllO 

"TlRTH3lio " 
ORTH0130 
QRTH0140 
URTH0150 
QKTH'XffaO^ 
ORTH0170 
ORTH0180 
ORTH0190 
0RTH0200 
ORTH0210 
GRTH0220 
0RTH3230 
ORTH3240 
ORTH0250 
0RTH0260 
ORTH0270 
ORTH0280 
ORTHQ290 
0RTH030D 
ORTH0310 
QRTH3320 
URTH&330 
0RTHa340 
DRTH0350 
0RT-H0360 
QRTH0370 
ORTH0380 
0RTH0390 
ORTH3400 
RTH041Q 

3RTH0420 
ORrH3430 
QRTH0440 
ORTH3450 

OftTH04SO 
ORTH0490 
aRTH0500 " 
ORTH0510 
0RTH0520 
DRTH0530 



g-rJUGEam-GELbEQEi EQULiaEl -^EEl t l l E & G £ — Z 3 _ 
g E G G S a M l - G E I b E J B : t 

ECimit iEl -^EBiMI £aG£- - -2& 

St iBROUTlNE V P R I N T (NDMAXI 
•• PRINTOUT UF SELECTION RULE AND V . C . C . TABLES 

I M P L I C I T R E A L * 8 ( A - H , 0 - Z l 

VPRI3023 
VPRI0030 

NJ3="NDEGA1 13) 

IF (MARK.EQ.l) IR3=IR3-*2 

COMMCN/OUTl/ 
1 LVAL2.IRTYPI1 

N D F G A 114 I,IANGA15 ,141,I REP A!32),lOROER,LVAL1, 
IRPARd4l , lODD. IRLOWL! 14) 

VPRI0040 
VPRI3050 

~"("MAR"K . E Q . 1 - ANO . N D M AX . E0.2 ) 

I l=l.NR 

Cn"MON/0UT4/VCCOEFI2 35OJ,1VCCB 1 85,14),IFVCC(501 
IC N/FILFS/INPUT.IOUT 

VPR10060 
VPRI0070 

DIMENSION IDPd4).LINE!2l 
DATA LINE/4H . 3H / 

VPRI0080 
VPRI0090 

NOl=NDEGA(II) 
OU 2 12=1.11 

NR=NREP 
IF dOOO.NE.OI NR = NR/2 

VPRIOIOO 
VPRIOllO 
VPRI0120 
VPR10130 

N D 2 = N D E G A ( 1 2 1 

ND12 = N 0 1 * N D ? _ ^ _ ^ , 
" T N D = I 2 * n * ! l i - l l / 2 

I V C B = I A B S ! I V C C 3 ! I N D . I R 3 I ) 
I F d V C B . E U . O l GJ I U 2 
WRITE ( I Q U T . 3 J _ I 1 . I 2 . I 3 

n o 20 1 = 1 , N R 
1 N O E G A I 1 1 . G T . N O M A X ) L A P K = 1 

VPRI0140 
VPRI0150 
V P H I 0 1 6 0 
V P R I 0 1 7 0 

2 0 C O N T T N U F 

I F ( N 0 " A X . F 0 . 2 1 NLARK = i ^ ^pR tp^gQ 

10 F n i M A T ' l l H ? ! ' S E L E C T I Q N RULES FOR D IRECT PRODUCTS OF IRREOUCIBLE R E V P R I Q 1 9 0 

IPPESENTATI0NS'/1X.6611H-1//1 JpSISziO 
iRnF_dnuT.._m__ — ; P R ! O 2 2 0 

VPRI0230 

3 FORMAT !//' KEPRESENTAT IONS '.I2,» X 
W RITF dOUT.5) dANGAlI.I3),l=l.N03l 

5 FORMAT (28X,'IANG3 — > ' / / 
WRITE I I O U T , 2 5 1 

l A N G l I A N G 2 ' , 1 4 X , I 2 , 4 ( 1 8 X , I 2 ) ) 

25 FORMAT 11X1 

IVSUB= 
r F V = I F V C C l I V C 8 I 

1 = 1 , N O l 

11 F H R M ' A T 1 2 3 X . ' R E P . 3 — > ' / 1 
riRITE d O U T . 1 2 ) l I R T Y P l I l . l R P A R m . I = l . N R l 

12 FORMAT 1 2 8 X . 1 4 1 A 4 . A 3 ) 1 
W R I T E d n U T , 1 3 1 1 1 , 1 = 1 . N R ) 

1 3 FORMAT 17X, 

1ANG1 = IANGA1 l.U) 
=1.N02 

VPR10240 
VPR102 50 

I ANG2=IANGA!J.I 21 
INIT=IFV-»-IVSU6 

, ,.j,._, .....'REP.IX R E P . 2 ' , 5 X , 1 4 1 7 ) 
WRITE II0liTTl4l KLINE! I).1 = 1.2).•)=1.'̂ S1 

VPRI0260 
VPRI0Z70 

, FORMAT !1X.?5(1H-I ,2X,141A4.A3II 
00 16 IR1=1.NR 

VPRI0280 
VPR10290 

Il = IPI*nRl-l 1/2 
00 17 IR2=1.IR1 

VPRI0300 
VPR10310 

tND=INIT+IND3-1)*ND12 

WRITE IIOUT.6) IANGl.IANG2.1VCCnEF(KI.K=lNIT.lND,ND12l 
rFOR^AT 15X.I2.5X.I2.4X.5F20.9) 

ivsuB=ivsu3»r 

1N0=IR2*I1 
DO 15 I=1.NR 

VPRI0320 
VPRI0330 

2 CONTINUE 
IF (MARK.EQ.- -AN0.tJD3.GT.NDMAX) GO TQ 9 

HARK = 
GD TO 

15 IDP!I)=0 
IS£L = 

VPRIO340 
VPRI0350 

0 0 18 I = 1 , N R 

I R 3 = I . ^ - — 

I F I L A R K . E Q . l - A N D . I . G T . N R ) ! R 3 = I R 3 * N L A H K 

T D P I = I V C C B ( I N 0 . I R 3 I 

V P R I 0 3 b 0 

V P R I 0 3 7 0 

I MARK=1 
GO TO 

V P R I 0 3 8 0 
V P R I 0 3 9 0 

7 CONTINUE 
RFTURN 

I F 1 l O P I . E Q . O I GO TD 

I D P d ) =1 

V P R I 0 4 0 0 
V P R I 0 4 1 0 

I F { I D P I . L T . O ) l O P d 1 

I S E L = l 

V P R I 0 4 2 0 
V P R I 0 4 3 0 

I F I L A R K . E Q . O . O R . N O E G A d l . L E . N D M A X ) G O T O I B 

I DP I = I V C C B I I N O , I R 3 + N L A R K 1 _ ^ . 

VPRI 0440 
VPRI3450 

~ IF (IDPI.NE.O) I0P(I)=2 
IF (IDPI.LT.OI IDP(I)=-2 

18 CONTINUE 
IF 1I5EL.EQ.Ol GO TO 17 

VPRI0460 
VPR10470 
VPRI0480 
VPRI0490 

"^RITrd3Ur',19l'''i'RUIRTYPdRl).IRPAR(IRll.!R2.IRTYPdR2).lRPARdR2VPR105DJ 

l),(lDPd).l = l.NRl VPRI 0510 
19 FORMAT 1/1X,12,1HI,A4,A3.4H1 

17 CONTINUE . 

.i2,lH(,A4,A3,lHI,2X,I4,l3I7) VPR10520 
VPRI0530 

Ih CONTINUE 
WRITE !inuT.l) 

T T G R ^ A T ( I H l , ' V E C T O R COUPL ING CDEFF IC I E N T S ' / l X , 2 6 i I H - I / / I 

M4RK=0 

VPRI0540 
VPR10550 
VPRI0560 
VPRI0570 

00 7 I3=1,NR 

VPRIObOO 
VPRI 0510 
VPRIO520 
VPRI0b30 
VPRlOb40 
VPR1065Q 
VPPI05 6"0 
VPKIObTO 

VPRI0680 
VPRIQb90 
VPRI0700 

VPPI0720" 
VPRI0730 
VPR'I0740 

VPRI0750 
VPRI0760 
VPRI0770 
VPRI0780 
VPRID790 
vPRioeoo 
VPRI0810 
VPPI092D 
VPRI0830 
VPRI0840 
VPRI0e5Q 
VPRI0860 
VPRI0670 
VPRI0880 
VPRI0690 
VPRI3'903 
VPRI0910 
VPRIO920 
VPRI0933 
VPRI0940 
VPRI0950 



ERQGEaai-iiEmEQEX SOmiaEl-^iaiJQI E&GE Za l ESUGSaMi.GEHjEQ&y aauilNEl-ElLQUI EaiiE___2I 

SUBROUTINE V I B R O T _ ^ V I 8 R Q 0 1 0 SUBROUTINE F I L O U T _ _ ^ ' F I L O O O I O 
RETURN V I 8 R 3 0 2 0 C * * * * DUMP OUTPUT COMMON BLOCK I N F O R M A T I O N ONTO TAPE OR DISK F i L 0 0 0 2 0 
END ^ V I B R 0 0 3 0 L ^ f - I C I T R F A L * a I A - H , 0 - Z I F I L 0 0 0 3 3 

COMMON/OUT I / D U M G 1 1 3 9 1 ) F I L Q 0 0 4 O 
, C 0 M M D N / 0 U I B / D U M U 3 ( 2 0 4 b ) F1L0OQ5O 

~ COMMON/UUT2 /DUMU21709 21 ' F I L O O O b ^ 
_____^ _^___ C O M M O N / O U T 3 / D U M Q 3 i e i ) , I D U M 0 3 ^ F ILOOOTO 

EBQQSaM: GEIUEQRi __ ROUTINE: 

SUBROUTINE APPLY 
RETURN 
END 

; aEELl- eaGE_„Z6 

APPLOOIO 
APPL0020 
APPL0030 

C0MM0N/0UT4/0UM04( 2970) 
L0UMP=20 
WRITE(LDUMP)DUM01 
WRITE1LDUMP)DUM0B 
WftITE(LDUMP)DtJM02 
WRITEILDUMP)DUMO3.IDUM03 
W0ITE1LDUMP)DUM04 
RETURN 
END 

FtL00075 
FIL00080 
F1LQO09D 
FILOOIOO 
FILOOllO 
FIL00120 
FIL00130 
FIL00140 
FILQ0150 
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